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^iXMP^EX  84^ 

^,  ^•,  Greater  Power  Output  |K|m 
jB4  Higher  Plate  Oissipatioii  H 
Longer  Operating  Lite  '  {  ^ 

^Higher  Ratings  at  High  Frequency  i 

' '  The  cqpplication  by  Amperex  of  the  modem  engineering 

concept  of  the  spoce  relotionehip  of  electrodes  in  a  vocuu^ 

tube  hen  resulted  in  the  design  of  a  new  type  with  fa^ 

greerter  performance  ccgxzbilities  them  the  standard  849.1 

Simplification  of  structure  becouse  of  this  new  design  has  j 

also  made  possible  considerable  economies  in  mcmufoctur- 

ing  processes  which  core  reflected  in  the  price  of  these  tubes, 

o 

THE  OUTSTANDING  FEATUBES  OF 
THESE  NEW  TUBES  ABE  AS  FOLLOWS; 

•  GBEATEB  FILAMENT  ABEA 

•  LABGEB  PLATE  SUBFACE 

•  MOBE  UNIFOBM  ANODE  HEAT  DISTBIBUTION 

•  A  MINIMUM  OF  INTEBELECTBODE  INSULATING  SPACERS 

•  ISOO  WATTS  maximum  pewsr  output  por  tub#  os 

a  CIoM  C.  CW  cBupUfior 

•  7S0  WATTS  Corrior  Powor  Output  os  a  piato  modulatod  CIgms  C 

ompUfior 

•  250  WATTS  Corrior  Powor  Output  os  a  grid  bios  modulatod 

CloM  C  ompUfior 

•  250  WATTS  Corrior  Powor  Output  os  o  CIoh^B  Linoot  RJ*. 

ompUfior 

•  1800  WATTS  moximum  signal  powor  output  por  pair  os  Class  B. 

AJF.  modulator 

•  150  WATTS  Undistortod  Powor  Output  as  a  Class  A  A." 

Modulotor 

The  features  enumerated  above  clearly  demonstrate  th< 
not  only  con  these  tubes  be  used  profitably  to  replace  849  s 
in  existing  equipment  but  that  they  also  fill  a  gap  in  the  at 
cooled  line  of  tubes  for  use  in  equipment  where  severe  d  • 
rating  at  high  frequencies  forced  the  use  of  much  lorger  or  i 
costlier  tubes.  °  M 


*  Tbo  l4tH  con  bo  oporotod  at  full  ratings  up  to  30  mogacycl'^d 
in  many  dassos  of  sonrieo.  It  Is  idontical  in  its  eboractoristt  s 
with  tbo  S4tA.  Tbo  only  point  ei  difioronco  is  tbo  grid  loadBr<>y 
mined  wbicb  in  tbo  t4tH  torminotos  in  on  arm  oxtonding  Ax  s 
tbo  sido  of  tbo  bulb. 


AMPEREX  ELECTRONIC  PRODUCTS.  Inc 
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Crosstalk 


►  MEDAL  .  .  .  Late  in  October,  Ra¬ 
dio  Club  of  America  (founded  in  1909) 
awarded  its  first  Armstrong  medal  to 
Professor  Alan  Hazeltine  of  Stevens. 
Thus  the  medal,  established  to  honor 
the  achievements  of  Edwin  H.  Arm¬ 
strong  now  Professor  of  Electrical  En¬ 
gineering  at  Columbia  but  better 
known  for  regeneration,  superhetero¬ 
dyne,  super-regenerative  and  frequency 
modulation  contributions  goes  to  a  pro¬ 
fessor  of  physical  mathematics,  well 
known  in  his  own  right  as  a  contrib¬ 
utor  to  the  art  and  science  of  radio 
communication. 

Not  only  did  Professor  Hazeltine 
make  possible  the  first  stable  broadcast 
receiver,  but  he  contributed  the  term 
“mutual  conductance”  and  much  mathe¬ 
matics  to  the  literature.  Both  of  these 
men  made  most  of  their  important  dis¬ 
closures  before  the  Radio  Club  of 
America.  Thus  the  award  was  most 
appropriately  and  happily  made. 

John  H.  Miller,  assistant  chief  en¬ 
gineer  of  Weston  Electrical  Instrument 
Company  made  the  presentation.  Harry 
Sadenwater,  radio  officer  on  the  NC-4 
acted  as  toastmaster  of  the  dinner. 

In  justice  to  Professor  Hazeltine  and 
Mr.  Miller  it  might  be  said  that  their 
apparent  heavenward  glances  shown  on 
the  front  cover  were  due  to  the  fact 
that  they  were  instructed  to  look  at  one 
camera  (a  professional)  while  Arthur 
Van  Dyck  made  the  cover  shot  with 
another — using  the  professional’s  flash ! 
Mr.  Miller,  particularly,  does  not  wish 
to  appear  so  sanctimonious. 


►  BLATANT  .  .  .  British  engineers 
are  somewhat  amused  and  annoyed  by 
boasting  statements  of  American  radio 
otficialdom  who  return  to  this  country 
announcing  that  the  British  television 
system  is  only  a  copy  of  American 
practice  and  that  the  Britishers  have 
made  little  or  no  contributions  to  our 
art.  (See  Wireleea  World,  p.  431,  Octo¬ 
ber  29.)  American  engineers,  however. 


after  a  trip  abroad  admit  that  very 
definite  contributions  have  been  made 
by  the  English  engineers  who  have 
been  forced  to  carry  commercialization 
and  research  along  hand  in  hand..  One 
of  the  contributions  seems  to  be  tele¬ 
vision  pick-up  tubes  with  considerably 
greater  sensitivity  than  those  used  here 
at  present. 

Any  reader  who  was  not  in  Europe 
during  the  summer  of  1937  to  study 
English  and  German  television  meth¬ 
ods  can  qualify  as  member  of  a  very 
exclusive  group,  the  “did-not-go-to-Eu- 
rope-club.” 

►  FACSIMILE  .  .  .  Most  hopeful  is 
the  operation  by  several  broadcast  sta¬ 
tions  of  experimental  facsimile  trans¬ 
mitters  during  the  hours  the  broadcast 
programs  are  ofT  the  air.  WOR  and 
WQXR  in  New  York,  several  stations 
in  the  west  and  middle  west  are  num¬ 
bered  among  this  group  which  has  not 
lost  sight  of  the  potential  service  of¬ 
fered  by  facsimile  apparatus  already 
developed  but  long  looking  for  a  mar¬ 
ket. 

^OUR  ERROR  .  .  .  Electronics  has 
not  been  immune  to  an  error  which 
seems  to  be  rather  common  in  this 
country.  This  is  calling  the  BBC  the 
British  Broadcasting  Company  when 
it  is  really  the  British  Broadcasting 
Corporation.  A  reader  in  British  Co¬ 
lumbia  takes  us  to  task  for  this  error, 
committed  more  than  once  in  these 
pages,  and  points  out  the  additional 
fact  that  the  BBC  is  not  supported  by 
government  subsidy  (page  32,  Octo¬ 
ber).  Far  from  being  supported,  some 
of  the  money  collected  by  license  fees 
from  listeners  gets  into  the  govern¬ 
ment  treasury,  whence  it  never  gets 
free  for  broadcasting  purposes.  Thus 
it  is  even  more  remarkable,  according 
to  our  critical  reader,  that  the  BBC 
can  furnish  such  a  fine  public  service 
with  the  funds  available,  almost  infini¬ 
tesimal  compared  to  those  involved  in 


the  “fundamentally  wasteful  American 
system  of  commercial  broadcasting.” 

►  P.S.  ...  In  the  article  “Television 
in  Great  Britain”  (October,  1937)  the 
transmission  from  Alexandra  Palace 
was  referred  to  as  the  BBC  system. 
It  is  our  understanding  that  the  trans¬ 
mitter  in  use  at  Alexandra  Palace  is 
that  designed  and  built  by  the  Mar- 
coni-EMI  Company  and  selected  by  the 
BBC  after  months  of  comparison  tests 
with  an  alternative  system.  It  should 
therefore  be  referred  to  as  the  Mar- 
coni-EMI  system. 

►  454  TUBES  ...  As  this  issue  goes 
to  press  the  editors  have  had  the  pleas¬ 
ure  of  listening  to  Captain  Richard 
Ranger’s  new  electronic  organ.  Run¬ 
ner-up  to  the  Broadway  sign  (Elec¬ 
tronics,  September  1937)  for  large 
number  of  tubes  in  use,  the  new  Ran- 
gertone  uses  one  tube  for  each  key  and 
for  every  tonal  quality  available  to  the 
organist.  Present  instrument  has 
tubes  for  7  octaves  times  12  notes 
times  4  keyboards  plus  power  supply 
plus  power  amplifiers — 100  watts  to 
the  speakers. 

►  SWEET  VOICES  ...  The  Japan¬ 
ese  “Den  Kino-Tomo”  laments  the  fact 
that  automatic  telephone  exchanges 
have  eliminated  the  sweet  human 
voices  that  used  to  announce  “number, 
please”  and  “the  line  is  busy”,  how¬ 
ever  they  say  it  in  Japanese. 

So  great  has  been  this  loss  to  the 
service,  that  a  method  of  superseding 
mechanical  sounds  and  dry  clicks  with 
the  voice  again  is  being  worked  out  by 
the  use  of  phototubes,  etc.  It  will 
cost  500  yen  to  build  and  “hallo  girls 
with  sweetest  voices  are  engaged  in 
recording  sound  films  and  when  the 
apparatus  are  adopted  country-wide  we 
may  again  hear  the  sweet  answers 
which  were  ours  in  the  good  old  times.” 

Engineers,  with  your  efficiency,  be 
damned! 


Gearing  possibilities 
greatly  enlarge  the  scope 
of  Flexible  Shafts . . . . 


When  conHulering  flexible  t^hafts  for  transmitting 
power,  it  should  be  borne  in  mind  that  the  normal 
torque  capacity  of  any  particular  size  of  shaft  can 
be  increased  to  any  reasonable  amount  by  the  use 
of  simple  gearing. 


And  where  accurate  synchronism  be¬ 
tween  driving  and  driven  members  is 
essential,  it  can  also  be  secure<l  in  the 
same  wav. 


In  the  case  of  a  remote  control,  any 
desired  ilegree  of  sensitivity  can  he 
provided  by  using  gearing  at  one  or 
both  ends  of  the  shaft. 


The  typical  geared  assembly  shown  in 
the  illustration,  makes  clear  how  readily 
flexible  shafts  can  be  applied  to  gearing. 


If  you  have  a  power  drive  or  remote 
control  problem,  our  engineers  will  he 
glad  to  submit  recommendations.  There 
is  no  obligation.  Just  send  us  essential 
data. 


S.  S.  WHITE 
FLEXIBLE 
^HAFT 


ACCURATELY 
FORMED  SQUARE 
END  ON  SHAFT. 


WORM  SHAFT 
WITH  SQUARE 
HOLE  TO  TAKE 
SHAFT  END 


Drawing  at  the  right  shines 
how  the  flexible  shafts  and  their 
casings  are  attached  in  this  ap¬ 
plication.  This  ib  but  one  of 
the  innumerable  combinations  of 
shafts  and  gearing  that  are 
possible. 


S.  S.  WHITE 
FLEXIBLE 
CASING 


.CASING 

COUPUNG 

NUT 


WORM. 
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An  extension  of  the  appliration  of  X-ravs  is  the  use  of  radiations  produced  by  electrons 
inovino:  at  speeds  corresponilin"  to  4  to  18  kilovolts.  The  beautiful  examples  of  radiog¬ 
raphy  shown  here  give  evi<lence  of  the  utilitv  of  these  medium  speed  electrons 


By  H.  F.  SHERWOOD 

Ke»rnrch  Lahurntorieit 
Kantman  Kodak  Co. 
Kovhe$ter,  S.  V. 


For  many  years  after  Roentgen’s 
discovery  of  X-rays,  their  prac¬ 
tical  application  was  confined  almost 
entirely  to  the  field  of  medicine,  i.e., 
in  the  examination  of  internal  struc¬ 
tures  of  the  human  body.  Gradual 
iniprovement  in  X-ray  apparatus, 
however,  has  greatly  extended  the 
usefulness  of  X-rays,  particularly  in 
the  inspection  of  a  wide  variety  of 
industrial  materials.  One  type  of 
this  radiation,  soft  X-rays,  have  the 
penetrating  power  which  is  especially 
suited  to  the  radiography  of  small 
industrial  and  biological  specimens, 
such  as  cloth,  leather,  paper,  portions 
of  plants,  insects,  etc.  This  article 
^ill  deal  primarily  with  the  accom¬ 
plishments  of  soft  X-ray  radiog¬ 
raphy. 


X-rays  are  produced  in  a  special 
form  of  electronic  tube,  in  which 
high-speed  cathode  rays  are  focused 
on  a  small  area  of  the  plate  or  tar¬ 
get.  The  X-rays  are  generated  by  the 
impact  of  the  electrons  upon  the 
target,  and  the  penetrating  power  of 
the  rays  increases  with  the  voltage 
applied  to  the  X-ray  tube.  The  soft 
X-rays  under  discussion  are  pro¬ 
duced  in  the  range  4  to  18  kilovolts, 
medical  X-rays  in  the  range  40  to 
100  kilovolts,  while  X-rays  for  the 
radiography  of  several  inches  of  steel 
may  require  200  kilovolts  or  more. 
The  target  of  an  X-ray  tube  gen¬ 
erally  consists  of  tungsten,  because 
of  its  efficiency  in  the  production  of 
X-rays  and  its  ability  to  withstand 
the  heating  effects  of  cathode-ray 
bombardment. 

A  soft  X-ray  tube  must  be  fitted 
with  a  window'  sufficiently  thin  to 
permit  the  emergence  of  the  X-rays, 
and  the  most  satisfactory  form  is 


the  Slack  w’indow’  consisting  of  an 
indrawn  bubble  of  glass  measuring 
approximately  15  microns  in  thick¬ 
ness.  On  page  10  is  a  diagram  of 
such  a  tube,  and  the  arrangement  for 
radiography  wherein  the  X-rays  are 
directed  through  the  specimen  onto 
the  photographic  plate  or  film. 

The  range  of  exposure  conditions 
commonly  used  in  soft  X-ray  radiog¬ 
raphy  is  indicated  in  the  following 
table : 

Table  I 

Tube  Voltage  4  to  18  K.v.P. 

Milliamperes  1  to  8  ma. 

Anode  film  distance  2  in.  to  15  in. 
Exposure  times  3  sec.  to  3  min. 

In  the  radiography  of  cloth,  soft 
X-rays  show’  the  presence  of  metallic 
w’eighting,  defects  in  the  weave  and, 
when  used  stereoscopically,  make  it 
possible  to  visualize  clearly  the  paths 
of  the  threads  in  the  weave,  both 
through  the  depth  of  the  cloth,  and 
in  its  lateral  extent. 


Rochester,  1937 


Most  successful  Rochester  I.R.E.-R.M.A.  Fall  Meeting  draws  record  attendance  to  hear  papers 
on  television,  new  modulation  systems,  inverse  feedback,  and  “teledynamic  control”,  re¬ 
mote  control  of  radio  sets  via  the  power  line 


William  N.  Parker  of  Philco  with  his  200-meqac7cle  transmitter, 
capable  oi  modulation  with  side-bonds  20  megacycles  wide. 
Quarter-ware  resonant  line  sections  (to  right  of  base  of  cmteima 
transmission  line)  are  terminated  in  modulator  tubes,  as  shown 
in  the  diagram  on  page  14 


Business  recession  notwith¬ 
standing,  the  attendance  at  the 
1937  Rochester  Fall  Meeting  on  No¬ 
vember  8,  9,  and  10  broke  all  previous 
records,  with  a  registration  of  513 
and  a  total  attendance  estimated  at 
nearly  600.  This  enthusiastic  re¬ 
sponse  was  in  part  a  reflection  of  the 
growing  popularity  of  the  Rochester 
meetings,  and  in  part  due  to  the 
highly  attractive  program  arranged 
by  the  Committee.  • 

Television  Papers  Predominate 

Of  the  nineteen  papers  on  the  pro¬ 
gram,  ten  were  directly  or  indirectly 
concerned  with  television  develop¬ 
ment,  and  these  were  presented  by 
engineers  of  four  different  com¬ 
panies.  Both  in  variety  and  in  dif¬ 
ference  of  viewpoint  these  papers 
constituted  a  ‘‘television  symposium” 
of  wide  interest. 

The  first  paper  was  by  C.  E.  Bur¬ 
nett,  RCA  Radiotron,  ‘‘The  Mono- 
.scope”,  a  television  signal-generating 
tube  resembling  the  Iconoscope  in 
general  principle  but  differing  in  that 
the  signal  is  derived  from  the  vari¬ 
ation  in  secondary-emission  current 
from  a  single  picture  or  pattern  en¬ 
closed  in  the  tube.  The  tube  is  not 
in  any  sense  a  pick-up  tube,  since 
it  cannot  convey  a  moving  image  and 
since  it  does  not  depend  upon  photo¬ 
electric  emission,  for  the  formation 
of  the  signal.  A  typical  form  of 
Monoscope  is  constructed  as  follows: 
in  the  evacuated  tube  is  placed  a 
flat  plate  of  aluminum'  foil,  some 
0.004"  thick,  on  which  is  printed, 
with  ordinary  foil-ink  commonly 
used  by  printers  for  the  purpose, 
an  image,  the  printing  being  in  the 
form  of  a  half-tone  or  a  simple 
black-and-white  character.  In  the 
processing  of  the  tube  the  plate  is 
fired  in  hydrogen  which  removes  the 
volatile  oils  from  the  ink  and  leaves 
practically  pure  carbon.  The  tube 
contains  an  electron  gun  whose  beam 


scans  the  signal  plate  in  the  same 
manner  as  in  the  Iconoscope.  When 
the  beam  hits  a  portion  of  the  plate 
on  which  no  ink  is  present,  it  ex¬ 
cites  emission  of  secondary  electrons 
from  the  aluminum  or  from  the 
coating  of  aluminum  oxide  on  its 
surface.  On  the  other  hand,  when 
the  beam  hits  the  printed  portion 
secondary  electrons  are  released  from 
the  carbon  layer  but  not  as  freely 
as  from  the  aluminum.  The  differ¬ 
ence  in  secondary  electrons  emitted 
by  carbon  and  aluminum  constitutes 
a  change  in  electron  current  flow¬ 
ing  from  the  signal  plate,  and  this 
current  change  may  be  used  to  de¬ 
velop  a  video  signal  voltage  across 
the  external  coupling  resistor.  A 
conductive  coating  is  provided  inside 
the  tube  to  collect  the  secondary 
electrons,  which  are  eventually  re¬ 
turned  to  the  signal  plate.  The 
printing  of  the  plate  is  accomplished 


from  conventional  133  line-per-inch 
half-tone  engravings  or  from  zinc 
line-cuts.  In  the  case  of  half-tones 
the  size  of  the  plate  is  such  that 
about  450  dots  are  contained  in  the 
vertical  direction  within  the  picture, 
which  is  somewhat  in  excess  of  the 
number  of  lines  used  to  scan  the 
plate. 

The  signal  developed  by  the  tube 
varies  with  beam  current,  but  under 
typical  operating  conditions  it  deliv¬ 
ers  about  3  or  4  millivolts  across  a 
10,000-ohm  load.  The  use  of  the 
tube  is  primarily  in  testing  video 
equipment.  Since  it  provides  a  sta¬ 
ble  signal  of  large  amplitude  and  of 
very  crisp  quality  it  is  better  suited 
to  testing  than  is  the  Iconoscope. 
The  video  signal  provided  by  the 
Monoscope  is  so  rich  in  the  high  har¬ 
monics  (which  represent  the  fine  de¬ 
tail  of  the  image)  that  it  can  be 
used  to  test  transient  response  of 
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image. 

The  most  recent  application  of 
soft  X-rays  is  in  recording  the  in¬ 
ternal  movements  of  small  biological 
specimens  in  the  form  of  motion 
pictures.  The  motion  picture  film  of 
35-mm.  width,  coated  with  photo¬ 
graphic  emulsion  especially  designed 
for  soft  X-ray  radiography,  is  loaded 
in  a  standard  form  of  motion  pic¬ 
ture  camera,  with  lens  removed,  and 
with  an  infra-red  gelatin  filter  cov¬ 
ering  the  gate  to  protect  the  film 
from  light.  This  filter  also  serves  to 
support  the  specimen  radiographed. 
Such  motion  pictures  have  been  made 
at  the  rate  of  16  frames  per  sec¬ 
ond,  using  a  meal  worm  as  a  sub¬ 
ject.  These  films  show  clearly  the 
peristaltic  movements  of  the  intes¬ 
tinal  tract,  both  with  the  worm  in 
normal  condition  and  under  gaseous 
anesthesia. 

The  experience  gained  thus  far 
with  the  method  of  soft  X-ray  radi¬ 
ography  indicates  clearly  its  value 
both  for  teaching  and  research  pur¬ 
poses,  in  the  examination  of  small 
biological  specimens,  and  shows 
promise  of  valuable  applications  in 
the  inspection  of  appropriate  forms 
of  industrial  materials. 


35  motion  picture  of  yellow  meal  worm.  Right — maple  leaf 


Stereoscopic  radiographs  of  small 
objects  are  made  by  exposing  two 
separate  radiographs  with  two  beams 
of  X-rays  spaced  ten  degrees  apart, 
with  the  specimen  held  in  a  fixed 
position.  These  radiographs  may  be 
enlarged  and  viewed  in  an  ordinary 
stereoscope,  or  they  may  be  examined 
under  a  special  stereo-microscope 
which  affords  sufficient  magnification 
to  show  the  finer  details  of  the 


AboTO — Position  of  subioct  X-ray  tube,  holder.  Radiographs  ol  genuine  and  imita 
tion  leather.  Below — Weighted  silks  x  5.  Lead.  40  per  cent  by  weight  tin,  28 
per  cent  by  weight  and  pure  silk,  no  weighting 
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produced,  and  this  color  may  be 
superimposed  on  the  light  from  the 
cathode-ray  screen  for  comparison 
purposes.  In  terms  of  the  known 
characteristics  of  the  filters  used,  the 
spectral  composition  of  the  fluores¬ 
cent  light  may  be  determined.  A 
third  method,  the  use  of  a  self-gener¬ 
ating  photoelectric  cell  and  filters  of 
known  characteristic,  was  investi¬ 
gated  and  found  to  be  less  reliable 
than  the  other  two.  Several  spectral 
composition  curves  of  screen  mate¬ 
rials  taken  by  the  authors  are  shown 
in  the  accompanying  illustration.  The 
approach  to  white  light  illustrated  by 
the  zinc  sulphide  mixed  with  zinc- 
cadmium  sulphide  is  typical  of  the 
practical  results  to  be  expected. 

The  fourth  paper  on  television, 
“Figure  of  Merit  for  Television  Per¬ 
formance”  by  A.  V.  Bedford,  RCA 
Victor,  is  printed  in  the  November 
1937  issue  of  the  RMA  Engineer, 
hence  only  a  brief  reference  to  it  is 
included  here.  It  describes  the  use 
of  resolution  charts  (one  of  which 
is  shown  in  the  accompanying  fig¬ 
ure)  to  determine  the  over-all  resolu¬ 
tion  of  the  received  television  image, 
and  develops  a  general  mathematical 
expression  for  an  “over-all  resolution 
figure  of  merit”  which  represents  the 
total  number  of  resolvable  dots  a 
prescribed  portion  of  the  picture  in 
terms  of  the  horizontal  and  vertical 
readings  given  on  the  chart. 


Color  analysis  diaqrams  of  lluorophor  cathodo-ray  scroon  ma- 
torials.  The  scale  is  in  millimicrons  (yisible  limiU  400  to  700). 
Zinc  sulphide  with  sinc^cadmium  sulphide  gives  a  white  light, 
but  is  not  as  bright  os  the  silverKictiTated  line  sulphide 


Element  structure 
of  the  gas-filled 
cold-cathode  tube 
used  in  the  tele¬ 
dynamic  control  of 
radio  receivers  (see 
diagram  on  page 
14) 


Maloff  Describes  3-foot  Cathode  Ray 
Tube 

I.  G.  Maloff,  RCA  Victor,  described 
a  cathode  ray  tube  developed  to  pro¬ 
duce  large  pictures  of  high  brilliance 
without  the  necessity  of  projection. 
The  tube,  whose  viewing  face  meas¬ 
ures  31  inches  in  diameter,  is  in¬ 
tended  for  experimental  use  only. 
The  conical  shell  is  welded  steel.  The 
viewing  end  of  the  tube  is  glass,  two 
inches  thick,  and  capable  of  with¬ 
standing  the  pressure  of  5i  tons  ex¬ 
erted  on  it  by  the  atmosphere.  The 
tube  is  continuously  pumped,  to  a 
vacuum  of  10  *  mm.  of  mercury,  by 
a  three-stage  oil-diffusion  pump  and 
fore  pump.  Electrostatic  deflection 
is  used. 

The  electron  gun,  a  veritable  “Big 
Bertha”,  measures  8  inches  in  length 
and  can  deliver  a  beam  current  of  8 
milliamperes.  This  compares  with 
beam  currents  of  less  than  half  a 
milliampere  in  cwiventional  tele¬ 
vision  tubes.  The  grid  voltage  neces¬ 
sary  for  beam  cut-off  is  150  volts. 


S«v«ral  forms  of  signal  pulsos  usod  for  synchronizing  ths 
linos  and  framos  of  tolovision  imagos,  discussod  by  F.  J.  Bingloy 
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Retolutton  chart  tu«d  for  toitiiig  porfonnanco  of  toloTision  systonu. 
Tho  wedged  shape  lines  Tory  in  width  and  spacing  from  100  to  300 
lines  per  picture  height  while  the  shoded  areas  giee  on  indication  of 
tho  half-tone  performance.  This  is  a  typical  pattern  enclosed  in  the 
Monoscope  tube 


equipment  far  beyond  the  limits 
possible  with  an  Iconoscope  sig¬ 
nal.  Other  uses  suggested  are  its 
use  to  transmit  trademarks  and  other 
fixed  insignia  in  television  programs 
and  for  providing  backgrounds  for 
television  performances,  on  which 
could  be  “mixed”  the  action  supplied 
by  a  conventional  Iconoscope  pick-up. 

Bingley  Outlines  Case  for  “Narrow- 
VerticaV’  Synchronizing  Pulses 

The  second  paper  on  television 
was  presented  by  F.  J.  Bingley, 
Philco,  who  gave  a  thorough-going 
resume  of  the  requirements  of  the 
synchronizing  pulse  which  initiates 
each  frame  of  a  television  picture. 
This  problem  is  accentuated  by  the 
interlacing  problem,  since  if  the  be¬ 
ginning  of  each  set  of  interlaced 
lines  is  not  very  accurately  timed, 
the  second  set  of  lines  will  not  fall 
accurately  in  the  spaces  left  be¬ 
tween  the  lines  of  the  first  set.  The 
resulting  “pairing”  of  the  lines  will 
produce  a  loss  of  picture  detail. 
With  the  type  of  vertical  sweep- 
voltage  generator  now  available  for 
receiver  purposes,  the  pulse  which 
initiates  each  cycle  of  the  generator 
must  be  identical  with  the  preceding 
and  following  pulse,  otherwise  “pair¬ 
ing”  will  result.  To  meet  this  re¬ 
quirement  the  vertical  sjmc  pulses 
must  be  accurately  timed,  and  equal 


in  duration  and  in  shape.  Further¬ 
more,  it  is  necessary  that  the  occur¬ 
rence  of  the  vertical  pulse  shall  not 
interrupt  the  horizontal  sync  pulses 
which  initiate  each  cycle  of  the  hori¬ 
zontal  (line-scan)  sweep  generator, 
since  such  an  interruption  would  al¬ 
low  the  horizontal  generator  to  fall 
out  of  step,  causing  “bending-over” 
of  the  upper  lines  of  the  picture. 

Several  forms  of  vertical  synchron¬ 
izing  pulse  have  been  developed  to 
meet  some  or  all  of  these  require¬ 
ments.  The  simple  amplitude  sys¬ 
tem,  shown  in  A  in  the  diagram, 
on  page  13  permits  equal  shape  and 
duration  of  vertical  pulses,  but  inter¬ 
rupts  the  horizontal  pulses,  and 
hence  has  been  found  unsuitable.  The 
second  form,  B,  is  the  simple  ser¬ 
rated  type,  in  which  a  series  of 
wedge-shaped  depressions  are  in¬ 
serted  in  the  vertical  pulse  to  accom¬ 
modate  the  horizontal  pulses.  How¬ 
ever  the  horizontal  pulses  do  not  oc¬ 
cur  in  the  same  relationship  to  the 
vertical  pulses  in  successive  cycles, 
since  the  horizontal  pulses  are  dis¬ 
placed  by  a  time  equal  to  one-half 
the  line-scanning  time.  If  the  fre¬ 
quency  with  which  the  horizontal 
impulses  are  sent  out  is  doubled 
during  the  frame-sync  period,  then 
the  shape  of  the  composite  sync  pulse 
becomes  almost  exactly  the  same  for 
every  cycle.  However  if  the  inte¬ 


gration  is  taken  over  a  long  enough 
time  a  slight  residual  difference  oc¬ 
curs  between  successive  cycles,  which 
may  throw  the  frame  sync-generator 
off  synchronism.  This  serrated  pulse 
with  horizontal  “line-doubling”  is 
the  type  of  pulse  at  present  used 
by  NBC-RCA  in  their  experimental 
transmissions. 

The  type  of  pulse  advocated  by 
Mr.  Bingley  is  the  “narrow-vertical” 
type  shown  in  C  the  type  used  for 
several  years  at  the  Philco  television 
transmitter  W3XE  in  Philadelphia. 
Here  the  amplitude  of  the  vertical 
sync  pulse  is  greater,  by  25  per 
cent,  than  that  of  the  horizontal  sync 
pulses,  but  the  duration  of  the  ver¬ 
tical  pulse  is  very  much  shorter  than 
in  the  serrated  form.  An  amplitude 
selector  is  used  to  differentiate  be¬ 
tween  the  horizontal  and  vertical 
pulses,  hence  only  the  part  of  the 
vertical  pulse  in  excess  of  the  hori¬ 
zontal  amplitude  is  used,  and  this 
may  be  made  to  have  exactly  the 
same  shape  on  each  successive  cycle. 
If  negative  modulation  is  used,  the 
extra  power  required  in  the  carrier 
to  handle  the  increased  amplitude 
is  negligible.  However  if  positive 
modulation  is  used,  about  15  per  cent 
additional  carrier  power  is  required. 
The  short  duration  of  this  type  of 
vertical  pulse  makes  it  a  very  accur¬ 
ate  marker  of  time,  an  advantage  for 
maintaining  good  interlace. 

Color  analysis  of  Luminescent  Screens 

G.  A.  Fink  and  R.  M.  Bowie,  Hy- 
grade  Sylvania,  presented  a  paper 
“Specification  of  Screen  Color  of 
Cathode  Ray  Tubes”,  which  is  one 
of  the  first  attempts  to  relate  sci¬ 
entific  color  analysis  to  the  lumin¬ 
escence  produced  by  cathode-ray  tube 
screen  materials.  After  outlining  the 
basic  theory  of  color  analysis,  the  au¬ 
thors  described  three  methods  of 
measuring  the  color  components  in 
the  light  produced.  The  first  is  the 
use  of  a  spectrograph,  in  which  the 
light  is  split  into  its  component  col¬ 
ors  by  a  prism  or  grating,  and  the 
intensity  of  the  various  components 
measured  with  a  thermopile  or  by 
photographic  means.  The  second 
method,  direct  visual  comparison, 
makes  use  of  three  light  sources 
fitted  with  tri-chromatic  filters  and 
apertures.  By  combining  the  out¬ 
puts  of  these  three  sources  on  a  sin¬ 
gle  spot,  and  by  adjusting  the  size 
of  each  aperture,  any  color  may  be 
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A.  F.  Murray,  reported  on  the  pres¬ 
ent  status  of  the  committee’s  work. 
A  most  important  announcement  was 
that  of  the  action  of  the  FCC  in 
setting  up  definite  6-Mc.  channels  for 
television  transmitters.  As  shown  in 
the  allocation  chart  given  on  page  34 
in  this  issue,  the  assignments  to 
television  include  .seven  channels  be¬ 
tween  44  and  108  Me.,  and  12  others 
between  156  and  294  Me.  In  the 
important  region  between  40  and  90 
Me.  which  can  be  utilized  readily 
with  present  equipment,  there  are 
five  channels,  but  the  band  is  not 
continuous,  being  interspersed  with 
amateur,  government  and  aviation 
.services.  The  committee  expressed 
satisfaction  that  the  assignments  are 
definite  and  that  they  meet  the  speci¬ 
fications  as  to  width  suggested  by 
the  committee. 

Concerning  the  fundamentals  di¬ 
mensions  of  the  .system,  Mr.  Murray 
reported  “no  change”  in  the  number 
of  lines,  441,  the  number  of  frames, 
30  interlaced  2-to-l,  and  the  aspect 
ratio,  4-to-3.  The.se  standards  cor¬ 
respond  to  those  now  used  in  Eng¬ 
land  and  Germany,  and  no  immediate 
change  in  them  is  in  prospect.  There 
is  evidence  of  a  change  in  .sentiment 
concerning  the  polarity  of  transmis¬ 
sion,  which  was  tentatively  stand¬ 
ardized  last  year  as  negative.  A  re¬ 
cent  vote  of  the  committee  .showed  a 
preference  for  positive  polarity  of 
modulation,  provided  that  a  .satisfac¬ 
tory  system  of  a-v-c  is  available.  In 


addition  there  is  a  growing  senti¬ 
ment  in  favor  of  transmitting  the 
d-c  component  directly  in  the  signal, 
with  the  same  proviso  regarding 
a-v-c.  There  appears  to  be  no  gen¬ 
eral  agreement  on  the  type  of  ver¬ 
tical  synchronizing  pulse  to  be  used. 
RCA  and  Hazeltine  favor  the  ser¬ 
rated  type  of  pulse,  Philco  and  Farns¬ 
worth  favor  the  narrow  vertical 
pulse,  while  G.  E.  and  CBS  have  not 
yet  reached  a  decision  on  this  point. 
This  item  has  accordingly  not  yet 
been  standardized,  even  tentatively. 
Evidence  supplied  by  RCA  has  indi¬ 
cated  that  horizontal  polarization  is 
less  prone  to  noise  and  variations 
than  vertical  polarization,  and  it  ap¬ 
pears  that  standardization  on  this 
point  may  soon  be  settled.  It  is  also 
the  .sentiment  of  the  committee,  in 
the  event  a  satisfactory  system  of 
attenuating  one  sideband  in  the  tele¬ 
vision  signal  is  developed,  that  the 
lower  frequency  sideband  be  the  one 
attenuated. 

E.  H.  B.  Bartelink,  General  Elec¬ 
tric,  presented  a  mathematical  treat¬ 
ment  of  regeneration  in  wide-band 
amplifiers  such  as  are  u.sed  in  tele¬ 
vision  work.  He  derived  a  general 
expression  for  the  .stability  condition 
of  such  amplifiers  in  terms  of  the 
amplitude  and  phase  characteri.stics 
of  each  stage  and  of  the  feed-back 
path.  His  work  applies  not  only  to 
circuits  in  w'hich  feedback  is  inten¬ 
tionally  introduced  but  also  to  cases 
where  feed-back  is  present  inadver¬ 


tently,  as  by  coupling  in  the  common 
plate  supply  of  a  multistage  ampli¬ 
fier. 

D.  B,  Sinclair  Describes  ‘^Parallel” 
Resonant  Measurement  Methods 
The  paper  “Parallel  Re.sonance 
Methods  for  Measurement  of  High 
Impedances  a  High  Frequencies,”  by 
D.  B.  Sinclair,  General  Radio  Com¬ 
pany,  compared  the  methods  of  meas¬ 
uring  impedances  by  substitution  in 
tuned  circuits.  The  .series  methods 
now  used  determine  the  total  series 
resistance  in  the  circuit.  When  an 
unknown  impedance  is  in.serted  in 
series  with  the  circuit  its  contribu¬ 
tion  to  the  series  resistance  may  be 
determined  by  subtracting  the  two 
measured  values  of  series  resistance. 
The.se  circuit  resistances  are  neces¬ 
sarily  small,  if  the  re.sonance  curve 
of  the  circuit  is  to  be  sharp.  For  high 
resistance  measurements,  a  parallel 
circuit  may  be  used  in  a  similar  man¬ 
ner.  For  this  type  of  parallel  circuit, 
methods  are  available  to  find  the 
effective  parallel  conductance  (or  in¬ 
versely  the  resistance)  using  equa¬ 
tions  of  the  same  form  as  are  used 
for  the  series  methods.  In  the  paral¬ 
lel  case,  if  an  unknown  conductance 
is  connected  in  parallel,  its  value  may 
be  determined  by  subtracting  the 
two  measured  values  of  circuit  con¬ 
ductance,  one  with,  the  other  with¬ 
out,  the  unknown  present.  Mr.  Sin¬ 
clair’s  analysis  reveals  that  errors 
{Continued  on  page  67) 


Block  diagram  oi  the  cathode-ray  curve  tracer  ior  recording  the  frequency-response  curves  of  audio-frequency  apparatus. 
A  beat-frequency  oscillator  is  varied  by  an  a-f-c  circuit  operating  under  the  control  of  voltage  from  a  relaxation  oscillator. 
The  varying  beat  frequency  is  impressed  on  the  equipment  under  test,  and  also  used  to  fix  the  horixontol  frequency  scale 
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Top:  olementory  teledynomic  control  circuit.  A  300  kc.  carrier  lent  by 
the  control  unit  causes  the  gas  tube,  held  on  the  point  of  ionisation  by 
the  capacity  Toltage  dirider,  to  pass  current,  closing  the  The 

set  is  thus  turned  on  without  "standby"  power  being  consumed,  ^nter: 
a  tube  circuit  lor  selecting  opposite  phases  of  modulation  in  the  300  kc. 
carrier.  Aboee:  fundamental  circuit  of  the  resonant-Une  modulation 
system  for  teloTision  transmitters 


The  light  obtainable  from  the  screen 
is  very  great,  considerably  in  excess 
of  the  value  recommended  for  mo¬ 
tion  picture  projection  by  the  S.M. 
P.E.,  (3.5  candles  per  square  foot) 
delivering  40  candles  per  sq.  foot. 
The  screen  can  be  viewed  in  daylight 
without  difficulty.  The  luminescent 
coating  is  applied  to  a  flat  glass 
plate  contained  within  the  tube. 

** Resonant-Line"  Television  Modulation 
System  Described  by  Parker 
A  television  modulator  capable  of 
handling  a  sideband  width  in  excess 


of  5  megacycles  w’as  described  by 
its  inventor,  William  N.  Parker  of 
Philco.  Mr.  Parker  explained  that 
the  conventional  grid  modulation 
used  in  television  transmitters  suf¬ 
fers  from  the  inherent  difficulty  of 
creating  frequency  and  amplitude 
voltage  changes  across  a  tuned  cir¬ 
cuit.  The  suggestion  that  the  mod¬ 
ulation  be  applied  between  the  out¬ 
put  tank  of  the  amplifier  and  the 
antenna  led  to  the  development  of  an 
entirely  new  modulation  system.  Es¬ 
sentially  the  system  is  an  absorption 
method.  The  impedance  which  ab¬ 


sorbs  the  energy  during  modulation 
is  the  impedance  presented  by  one 
end  of  a  quarter-wave  resonant  line, 
when  the  impedance  across  the  other 
is  changed  in  accordance  with  the 
modulation. 

The  layout  of  the  system  is  shown 
in  the  accompanying  diagram.  The 
radio  frequency  is  generated  in  a 
conventional  oscillator  or  amplifier 
and  applied  to  a  quarter-wave  trans¬ 
mission  line.  At  the  end  of  this  line 
a  junction  is  made  to  another  quar¬ 
ter-wave  transmission  line  which  is 
in  turn  terminated  in  the  plates  of 
two  modulator  tubes.  The  cathodes 
of  the  modulator  tubes  are  connected 
to  the  positive  terminal  of  the  high 
voltage  supply,  while  the  modulating 
voltage  is  applied  between  the  mod¬ 
ulator  grids  and  cathodes  connected 
in  parallel.  The  junction  between 
the  transmission  line  and  modulation 
line  connects  to  the  antenna  through 
another  transmission  line.  The  im¬ 
pedance  between  the  modulator  tube 
plates  changes  in  accordance  with  the 
modulating  voltage,  and  this  change 
in  impedance  is  transferred,  by  the 
impedance-inversion  characteristic  of 
the  quarter-wave  line,  to  the  junc¬ 
tion  point  in  the  antenna  circuit. 
Here  absorption  occurs,  changing  the 
output  power  in  accordance  with  the 
modulation. 

In  a  demonstration  of  the  system, 
a  small  transmitter  operating  on  200 
Me.,  was  modulated  with  a  voltage 
who.se  frequency  was  varied  up  to 
20  Me.  The  beat  between  the  car¬ 
rier  and  the  modulation  was  then 
received  in  a  conventional  short¬ 
wave  receiver.  It  was  shown  that 
the  200  Me.  carrier  could  be  modu¬ 
lated  to  20  kc.  with  the  same  ea.se 
as  at  5  Me.  or  lower.  In  general, 
in  the  resonant  line  method,  the  max¬ 
imum  modulation  frequency  can  be 
10  per  cent  as  great  an  the  carrier. 
In  the  50  Me.  television  band,  there¬ 
fore,  a  maximum  side-band  width  of 
5  Me.,  or  twice  that  contemplated  in 
the  tentative  R.M.A.  standards,  can 
be  accommodated.  Slides  showing 
the  application  of  the  system  to  a 
one  kw.  transmitter  (W3XE  at  Phil¬ 
adelphia)  were  shown.  In  this  trans¬ 
mitter  the  system  has  operated  with 
great  success  for  about  two  years. 

A.  F.  Murray  Reports  on  R.M.A.  Tele¬ 
vision  Standards 

The  Chairman  of  the  RMA  Sub¬ 
committee  on  Television  Standards, 
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Fig.  6 — Oscillograms  showing  (a)  firing  for  minimum  transient  and  (b)  firing  near  zero  point  of  line-voltage  wave 


ondary  currents  of  resistance  weld¬ 
ers.  A  small  air-core  coil  placed  in  the 
throat  of  a  welder  so  as  to  be  coupled 
inductively  to  the  secondary  load 
circuit  provides  a  convenient  method 
for  obtaining  a  voltage  which  is  a 
function  of  the  secondary  current. 
The  voltage  e  induced  in  this  air- 
core  coil,  which  may  be  called  the 
“pick-up”  coil,  is  related  to  the  sec¬ 
ondary  or  w’elding  current  in  accord¬ 
ance  with  the  expression 

e  =  M  di/dt  . (1) 

where  M  is  the  mutual  inductance 
between  the  secondary  loop  of  the 
welding  circuit  and  the  pick-up  coil 
in  the  throat,  and  di/dt  is  the  rate  of 
change  of  current  in  the  secondary 
circuit  at  any  instant.  With  the 
highly  inductive  secondary  circuits 
usually  encountered  in  most  welders 
the  wave-shape  of  the  voltage  in¬ 
duced  in  the  pick-up  coil  corresponds 
very  closely  to  that  of  the  secondary 
voltage  of  the  welder  transformer. 
Figure  8  shows  an  oscillogram  which 
illustrates  this  point  and  Fig.  4 
shows  the  method  used  for  taking 
curves  V,  and  V,  of  this  oscillogram. 

Although  the  pick-up  coil  pro¬ 


vides  a  small  and  lightw’eight  means 
of  obtaining  a  voltage  that  is  a 
function  of  the  secondary  current, 
without  disturbing  the  load  circuit 
conditions,  it  does  not  in  itself  pro¬ 
vide  a  means  for  deflecting  an  oscillo¬ 
graph  element  in  accordance  with  the 
wave  form  of  the  wielding  current. 
However,  this  may  be  accomplished 
by  replacing  resistor  R  of  Fig.  4  by 
a  reactor  as  shown  in  Fig.  3.  The 
instantaneous  current  i'  flowing 
through  the  oscillograph  element  is 
then  related  to  the  instantaneous 
voltage  e  induced  in  the  pick-up  coil 
in  accordance  with  the  following  ex¬ 
pression  : 

e  —  L  di'/dt  . (2) 

Where  L  is  the  inductance  of  the 
reactor  and  where  the  resistance  of 
the  circuit  is  assumed  to  be  negligi¬ 
ble.  Then  if  e  is  eliminated  by  com¬ 


bining  Eq.  (1)  and  (2) 

M  di/dt  =  L  di'/dt . (3) 

Since  M  and  L  are  circuit  constants, 
then 

i'  =  ki-\-C  . (4) 


and  at  the  boundary  condition 


i'  =  0  =  i  therefore  C  =  0  and 

V  =  ki  . (5) 

where  k  is  some  constant  deter¬ 
mined  by  the  circuit  constants; 
therefore  the  currents  flowing 
through  the  oscillograph  vibrator 
has  the  same  wave-form  as  the  cur¬ 
rent  flowing  in  the  secondary  circuit 
of  the  welder.  Figure  1  shows  the 
complete  circuit  used  to  take  the 
oscillogram  of  Fig.  8,  where  V*  is 
the  element  for  recording  the  sec¬ 
ondary  wave-form.  The  reactor  L 
should  be  an  iron  core  reactor  with 
a  small  air-gap. 

Figures  6a  and  6b  show  oscillo¬ 
grams  taken  on  a  welder,  using  the 
pick-up  coil  method  for  recording  the 
secondary  current.  Figure  6a  was 
taken  with  the  welder  control  “fir¬ 
ing”  at  the  proper  point  in  the  line- 
voltage  wave  for  minimum  transient. 
Figure  6b  was  taken  with  all  condi¬ 
tions  the  same  as  for  Fig.  6a  except 
that  the  control  “fired”  near  the 
zero  part  of  the  line-voltage  wave. 
This  oscillogram  shows  the  high  pri¬ 
mary  current  transient  caused  by 
saturation  of  the  transformer  core, 
the  secondary  load  transient  caused 
(Continued  on  page  48) 


Fig.  7 — Oscillogram  made-  with  pick-up  coil  and  resistance 


Fig.  8 — Oscillogram  of  welding  circuit 
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Recording  Resistance-Welder 
Secondary  Currents 


By  H.  W.  LORD 

Geni-ral  Electric  Company 
Schenectady,  X.  Y. 


Control 

Circuit 


<p  coil  on  150  kva. 
welder 


conditions  and  with  a  w'elder  operat¬ 
ing  on  a  10  per  cent  duty  cycle,  the 
shunt  would  have  to  dissipate  3  kilo- 
w’atte  continuously.  This  would  re¬ 
quire  a  shunt  of  comparatively  large 
size.  Moreover,  the  inherent  in¬ 
ductance  of  the  shunt  would  prob¬ 
ably  be  sufficient  to  distort  the  wave 
form  to  a  noticeable  degree.  Further, 
this  method  has  the  disadvantage 
of  being  difficult  to  connect  into  a 
welding  circuit. 


(above)  Circuit  for  making  oscUligrams  of  Fig.  8. 
Fig.  2 — Connections  for  making  Fig.  6 


Because  of  the  high  currents 
(300,000  amperes  in  some  cases) 
delivered  by  resistance  welders,  oscil¬ 
lographic  recording  of  the  secondary 
currents  of  resistance  welder  trans¬ 
formers  presents  several  problems 
to  the  engineer  who  desires  to  make 
such  tests. 

It  is  the  purpose  of  this  paper  to 
discuss  the  advantages  and  disad¬ 
vantages  of  some  of  the  methods 
commonly  used,  and  to  describe  a 
new  method,  the  “pick-up”  coil 
method,  which  may  prove  a  useful 
tool  to  the  engineer  interested  in 
studying  resistance  welders  under 
various  conditions  of  loading  and 
timing  control  settings. 


Control 

Cifcwt 


The  Current-Transformer  Method 


A  current  transformer  with  a  core 
which  may  be  slipped  over  the  arms 
of  a  welder  could  be  used  to  obtain 
oscillograms  and  to  measure  the 
secondary  current.  However,  a  cur¬ 
rent  transformer  capable  of  han¬ 
dling  300,000  amperes  without  ratio 
changes  or  wave-form  distortion 
would  weigh  several  hundred  pounds 
and  would  be  difficult  to  move.  The 
size  of  such  a  current  transformer 
would  prohibit  its  use  on  welders 
having  small  throat  clearance. 


Fig.  3 — (below)  SubstitMition  of  in¬ 
ductor  for  aircore  coil  of  Fig.  4 
( above) 


as  well  as  qualitative  result.  How¬ 
ever,  since  the  vibrator  of  an  oscillo¬ 
graph  such  as  the  General  Electric  "Pick-up"  Coil  Method 

Company’s  type  PM12  requires  about 

100  millivolts  for  reasonable  deflec-  It  is  expected  that  the  following 
tions,  power  is  consumed  in  the  discussion  of  the  “pick-up”  coil 

shunt  at  the  rate  of  0.1  x  300,000  method  will  demonstrate  its  advan- 

=  30  kilowatts  when  measuring  a  tages  over  either  of  the  two  methods 

300,000  ampere  circuit.  Under  such  just  described,  for  recording  sec- 


The  Shunt  Method 


This  method  has  the  advantage  of 
allowing  one  to  calibrate  the  shunt 
before  installation;  the  oscillograms, 
therefore,  will  yield  a  quantitative 
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Mechanical  >can- 
ninq  disc  in  the 
Bell  Telephone  La¬ 
boratories  which 
slices  the  motion 
picture  frame  pic¬ 
tures  into  elemen¬ 
tary  areas 


The  entire  coaxial  line,  includintr 
repeaters  at  ten  mile  intervals  is 
equalized  over  the  million  cycle  band, 
and  delay  equalizers  have  been  in¬ 
serted  to  reduce  phase  distortion  to 
less  than  0.25  microsecond  (corre¬ 
sponding  to  the  time  required  to 
scan  a  distance  equal  to  one-half  the 
width  of  the  scanning  spot.) 

Synchronizing  is  obtained  from 
light  shining  through  holes  drilled 
in  the  scanning  di.sc  which  produces 
(in  a  phototube)  the  line  .scanning 
frequency  of  240  x  24  =  5760  cycles 
per  second.  This  frequency  is  then 
used  to  modulate  a  72  kc.  carrier 
and  this  modulated  carrier  is  .sent 
over  the  cable  in  the  unu.sed  region 
between  0  and  100  kc.  At  the  re¬ 
ceiving  end  demodulation  is  u.sed  to 
obtain  the  line  .scanning  frequency 
of  5760  cps.  and  subharmonic  gen¬ 
erators  to  obtain  its  240th  subhar¬ 
monic  (24  cycles  per  second)  which 
is  used  as  the  frame  scanning  fre¬ 
quency. 

The  receiver  uses  a  conventional 
cathode  ray  tube  producing  a  picture 
about  7  by  9  inches  in  size-,  green  in 
color.  The  tube  is  scanned  by  elec¬ 
trostatic  deflection,  the  sweep  volt¬ 
age  generators  being  controlled  by 
the  5760  cps.  and  the  24  cps.  fre¬ 
quencies  previously  mentioned. 

Perfect  synchronism  and  even  illumina¬ 
tion  obtained 

The  received  image  is  distin¬ 
guished  by  several  features.  In  the 
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first  place  there  is  some  flicker,  espe¬ 
cially  in  the  brighter  portions  of 
each  scene,  since  no  interlacing  is 
u.sed.  In  the  .second  place  the  line 
structure  of  the  image  is  visible  at 
a  distance  of  perhaps  six  times  the 
picture  height,  since  only  240  lines 
are  employed.  But  aside  from  these 
limitations  imposed  by  the  dimen¬ 
sions  of  the  system,  the  picture  qual¬ 
ity  was  excellent.  There  was  no 
noticeable  geometrical  distortion  of 
the  picture.  The  contrast  range  was 
excellent.  The  synchronism,  through¬ 
out  the  12  minutes  of  the  demon¬ 
stration,  was  perfect.  Even  when 
sudden  changes  of  over-all  brilliance 
occurred  in  the  film — which  ordinar¬ 
ily  throw  the  picture  out  of  step — 
there  was  no  perceptible  loss  of  line 
or  frame  synchronism.  The  illumina¬ 
tion  over  the  face  of  the  image  was 
completely  uniform,  greatly  adding 
to  the  apparent  contrast  and  intrin¬ 
sic  interest  in  the  picture.  The  illu¬ 
mination  level  was  low,  presumably 


to  inhibit  the  effect  of  flicker  on  the 
eye,  but  it  was  perfectly  adequate 
in  a  darkened  room.  The  outstand¬ 
ing  characteristic  of  the  image  was 
the  crispness  of  the  detail  along  each 
line,  the  sharp  demarcation  and  de¬ 
tail  in  the  shadows,  and  the  freedom 
from  ph.  -e  “hang-over”  effects. 

The  high  quality  of  the  picture  is 
explainable  on  several  counts.  First, 
the  amplifier  and  modulator  system 
was  very  highly  engineered  within 
the  limits  of  the  million  cycle  band. 
Second,  since  no  iconoscope  was  used, 
there  was  no  shading  (uneven  illu¬ 
mination)  problem.  Third,  since 
non-interlaced  sequential  scanning 
was  used,  the  ability  to  preserve  de¬ 
tail  in  each  line  was  greatly  en¬ 
hanced,  since  in  interlaced  pic¬ 
tures,  improper  timing  of  the  lines 
is  apt  to  reduce  definition.  Fourth, 
the  use  of  a  separ^ite  channel  for 
synchronism  and  the  fact  that  the 
vertical  and  horizontal’ synchronism 
frequencies  were  integrally  related, 
made  for  comparative  simple  and  re¬ 
liable  sync  circuit  performance. 

In  connection  with  the  demonstra¬ 
tion,  Dr.  Frank  B.  Jewett,  President 
of  the  Bell  Laboratories,  issued  a 
statement  to  the  effect  that  while 
the  demonstration  was  not  intended 
to  demonstrate  television,  the  system 
did  show  a  “unique  and  economical 
utilization  for  television  currents  of 
the  frequency  band  of  a  long  coaxial 
cable”.  This  referred  to  the  fact 
that  single  side-band  transmission 
was  used  to  transmit  the  video  sig¬ 
nal,  made  possible  by  double  modula¬ 
tion  and  the  use  of  very  precise  filter 
structures.  The  frequency  spectrum 
was  thereby  placed  100  kc.  above 
zero,  thus  avoiding  the  low  frequen¬ 
cies  where  transmission  and  amplifi¬ 
cation  are  difficult  to  accomplish. 
This  arrangement,  together  with  the 
system  used  to  reduce  phase  distor¬ 
tion,  represent  new  departures  in  the 
communications  art. 


The  "Bockei  end" 
oi  the  cathode  ray 
receivlnq  tube 
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Bell  Labs  Test  Coaxial  Cable 

Video  signal,  produced  by  scanning  film  at  240  lines,  24  frames  per  second,  is  applied  to 
coaxial  system  linking  New  York  and  Philadelphia.  Results  compare  favorably  with  441- 
line  images  shown  elsewhere 


width.  By  a  double  modulation 
scheme  the  carriers  of  each  tele¬ 
phone  channel  are  spaced  between 
60  and  1,020  kc.  In  testing  the 
multiple  channel  system,  the  chan¬ 
nels  were  connected  end  to  end,  so 
that  the  equivalent  length  of  the 
circuit  was  3800  miles,  looping  back 
and  forth  through  the  same  cable 
some  45  times.  Satisfactory  tele¬ 
phone  service  w’as  possible  over  this 
arrangement. 

To  test  the  entire  range  of  the 
cable  with  ohc  signal  required  use 
of  some  sort  of  video  geneiator. 
The  type'of  generator  decided  upon 
was  a  mechanical  scanner,  used  in 
conjunction  with  ordinary  motion 
picture  film.  The  frame  repetition 
rate  of  such  film  is  24  per  second. 
To  fill  the  available  band  width  of 
1000  kc.  a  picture  of  240  lines  was 
decided  upon,  making  the  nominal 
channel  width  *  X  240-  x  4/3  X  24= 
960  kc. 

The  scanner  is  a  six  foot  steel 
disc,  rotated  at  24  revolutions  per 
second  (1440  rpm),  in  which  are  set 
240  high  speed  lenses,  each  located 
at  the  same  radius  from  the  center. 
The  lenses  focus  a  light  beam  on 
the  film,  which  is  passing  at  a  con¬ 
stant  rate  of  speed,  the  beam  being 
square,  about  0.003  of  an  inch  on  a 
side.  Each  lens  thus  scans  one  line 
in  each  frame  of  the  film.  The  light, 
passing  through  the  film,  is  collected 
by  a  phototube  containing  an  elec¬ 
tron  multiplier,  the  multiplier  being 
necessary  to  increase  the  current 
output.  The  output  of  the  multiplier, 
containing  frequencies  from  0  to  800 
kc.  is  then  applied  to  a  double  mod¬ 
ulator’ which  raises  the  entire  spect¬ 
rum  100  kc.  The  region  between  0 
and  100  kc.  is  then  available  for  the 
sound  channel  and  for  sending  syn¬ 
chronizing  pulses.  Furthermore,  the 
low  frequencies  in  the  video  signal, 
which  might  be  interfered  with  due 
to  shielding  difficulties  in  the  cable, 
are  removed  to  a  high  point  in  the 
spectrum. 


Carrier  current 
equipment  at  the 
Philadelphia  end  of 
the  New  York  — 
Philadelphia  coax¬ 
ial  coble 


and  24  frames  without  interlacing, 
were  the  equal  to,  if  not  actually 
superior  to  the  441-line,  30-frame 
images  recently  demonstrated  in 
New  York  and  Philadelphia.  The 
system,  having  been  proved  out  on 
its  original  plan  of  a  one-million- 
cycle  band-width,  will  shortly  be  re¬ 
turned  to  further  research  looking 
toward  a  two-million-cycle  band,  cap¬ 
able  of  handling  the  definition  of  a 
350-line  television  picture  having,  of 
course,  superior  detail. 

The  intended  use  of  the  coaxial 
system  is,  in  part,  the  transmission 
of  carrier  channel  telephony,  240 
separate  channels  being  carried 
simultaneously,  each  on  a  4  kc.  band- 


ON  NOVEMBER  9,  while  many 
of  the  leading  television  engi¬ 
neers  were  in  Rochester  hearing 
papers  on  the  video  art,  the  Bell  Tele¬ 
phone  Laboratories  demonstrated  for 
the  first  time  the  transmission  of 
television  images  over  the  million-cy¬ 
cle  coaxial  cable  system  recently  in¬ 
stalled  between  New  York  and  Phil¬ 
adelphia.  This  first  demonstration 
was  held  for  executives  of  the  A.  T. 
and  T.  and  operating  Bell  Telephone 
Companies,  but  subsequent  demon¬ 
strations  were  made  for  members  of 
the  technical  press.  Many  who 
viewed  the  demonstration  felt  that 
the  images  produced,  while  based  on 
the  limited  possibilities  of  240  lines. 
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tubes.  These  tubes  are  supplied  with 
a  fixed  bias  somewhat  greater  than 
cut-off  which  is  applied  in  series 
with  the  output  of  the  control  rec¬ 
tifier  so  that  the  two  voltages  are 
in  reverse  polarity.  If  a  signal  is  ap¬ 
plied  to  the  input  of  the  chopper  and 
gradually  the  level  is  increased,  the 
output  will  increase  in  direct  pro¬ 
portion  to  the  input  as  in  any  linear 
amplifier  or  network  until  the  recti¬ 
fied  output  of  the  control  amplifier 
has  discharged  C,  sufficiently  to  re¬ 
duce  the  bias  on  the  control  tubes 
to  cut-off.  When  this  point  is  reached 
further  increa.se  in  input  level  will 
simply  shunt  a  lower  and  lower  re¬ 
sistance  across  the  attenuator  net¬ 
work,  increasing  the  loss  with  the 
signal  increase. 

It  is  necessary  that  the  loss  in¬ 
crease  in  direct  proportion  to  the 
signal  if  the  output  is  to  be  held  at 
a  certain  limit.  This  would  not  ordi¬ 
narily  be  true  were  the  control  ampli- 


Fig.  2 — Equirolent  circuit  of  at- 
tonuator  aoction 


fier  supplied  directly  from  the 
attenuator  input.  Under  proper  de¬ 
sign  conditions  the  action  would  then 
reduce  the  output  as  the  signal  in¬ 
creased.  To  meet  this  problem  it  was 
found  necessary  to  make  the  input 
to  the  control  amplifier  a  mixed 
function  of  the  input  and  controlled 
voltages.  With  the  proper  mixture 
the  input-output  curve  can  in  this 
way  be  made  to  follow  practically 
any  desired  law. 

In  designing  the  volume  limiter, 
particular  attention  was  given  to 
the  minimizing  of  amplitude  and 
frequency  distortion  for  all  degrees 
of  operation.  Z,  and  Zr  were  ade¬ 
quately  loaded  to  prevent  impedance 
variation  and  impedance  correcting 
networks  were  applied  where  neces¬ 
sary.  The  resistance  iZi  was  made 
sufficiently  large  to  insure  that  the 
load  facing  the  plate  circuit  of  the 
first  amplifier  would  not  be  less  than 
the  combined  plate  resistance  for  the 
maximum  attenuating  condition. 
With  this  as  a  minimum  for  Ri 


and  R,  were  selected  in  terms  of  the 
desired  attenuation  range  and  prac¬ 
tical  values  of  Z,  and  Zr. 

It  is  practically  impossible  com¬ 
pletely  to  do  away  with  surges 
caused  by  the  changing  current  in 
the  attenuator  tubes  during  opera¬ 
tion.  For  this  reason  closely  matched 
attenuator  tubes  must  be  selected 
and  the  input  to  the  attenuator  must 
be  sufficiently  great  to  override  the 
remaining  surge. 

The  operating  time,  which  is  de¬ 
fined  as  the  time  taken  to  reduce  a 
specified  overload  to  normal  level, 
may  be  increased  or  reduced  by  in¬ 
creasing  or  reducing  respectively  the 
impedance  facing  the  control  recti¬ 
fier  plates,  or  the  capacity  (7,.  The 
releasing  time  is  proportional  to  R3 
times  C,.  These  may  be  .selected  from 
listening  tests.  In  general,  if  the 
operating  time  is  too  low,  a  copious 
amount  of  unpleasant  distortion  will 
result,  w’hile  if  it  is  too  high  over¬ 
loads  of  too  long  a  duration  will 
be  passed  to  the  output.  The  releas¬ 
ing  time  should  be  high  enough  to 
assure  that  tremolo  effects  will  not 
be  destroyed. 

In  adjusting  the  instrument  for 
proper  operation,  the  amplitude- 
frequency  characteristic  should  be 
made  flat  over  the  desired  range 
to  the  attenuator  input  as  well  as 
to  the  output  terminals.  The  con¬ 
trol  rectifier  output  must  also  have 
a  flat  frequency  characteristic. 
Voltage  runs  should  be  made  for 
various  settings  of  the  second  am¬ 
plifier  input  and  one  selected  which 
will  give  the  required  input-output 
curve. 

The  first  amplifier,  which  is  a  6A6, 
has  a  rather  high  effective  grid  shunt 
capacity  and  if  a  high  impedance 
input  transformer  is  used  it  will  be 
necessary  to  apply  compensation. 
Both  the  input  and  output  amplifiers 
operate  into  relatively  high  load  im¬ 
pedances.  This  assists  in  keeping  the 
distortion  low  and  indicates  that  the 
output  impedance  is  much  lower  than 
the  impedance  into  which  it  is  de¬ 
signed  to  work,  which  is  500  ohms. 

The  instrument  worked  out  ex¬ 
ceptionally  well;  the  amplitude-fre¬ 
quency  characteristic  was  success¬ 
fully  made  flat  within  i  db  from  30 
to  10,000  cycles.  The  distortion  at 
400  cycles  for  normal  input  level  was 
unmeasurable  and  was  less  than  1% 
when  the  input  was  increased  20  db 
(peak  of  attenuation  range).  The 
hum  level  was  —  70db.  Normal  in¬ 


put  level  was  —  26db,  delivering  an 
output  of  .006  watts  into  500  ohms. 
The  attenuation  range  was  20  db 
being  amply  sufficient  to  meet  any 
normal  monitoring  situation. 


Design  Data 


Sizes  of  all  parts  are  included  in  the 
schematic  diagram  of  Fig.  1  for  those 
who  may  want  to  build  an  identical 
device.  If  a  variation  is  necessary, 
the  following  considerations  will  be 
helpful  in  selecting  a  desired  attenu¬ 
ator  combination: 


_  Z^Rp 

tCi  >  ■ 


Z.= 


Zj  Rp 


Z^  —  Rp  *  Z^  +  Rp 
Zf  =  The  impedance  looking  backwards 
from  terminals  1,  2. 

Zi  =  Plate  load  with  attenuator  section 
disconnected. 


Rp  =  Plate  resistance  of  amplifier  pre- 
ceeding  attenuator  unit. 
Non-operative  loss  =  minimum  when 
Zg-\-  Ri  =  Zr  and  Rt  =  0  (2) 

Attenuation  range  =  20  Logi, 

(Zr+R,)  (z,-fie,) 

Rt  +  .Ri  +  Zr  +Ri) 


Fig.  3 — ChoractarUtics  oi  the  peak 
chopper.  A  —  input-output;  B  —  400 
cycle  distortion 


Rt  =  combined  attenuator  tube  plate 
resistance  at  zero  bias. 

r  _ _ _ M) 

*  Z,-f  i2,-f  Zr-f  R, 

El  =  Open  circuited  voltage  at  Z,  when 
signal  is  sufficient  to  reduce  atten¬ 
uator  tube  bias  to  cut-off. 

£7,  =  Voltage  supplied  to  Zr  when  sig¬ 
nal  is  sufficient  to  reduce  attenua¬ 
tor  tube  bias  to  cut-off.  (This  is 
the  maximum  input  voltage  to  the 
second  amplifier.) 

It  can  be  shown  by  a  rather  involved 
differential  equation  that 
Attenuation  range 

■r^ - : - ; -  =  maximum  when 

Non-operative  loss 

Z,  -f-  Ri  =  Zr  -f-  Rf. 

Therefore  from  (3) 


Ri  -|-  Zp  —  Rp  -|-  Zr  —  2  Rt 

Attenuation  range 
20 


(Antilog 
-)  (6) 


In  designing  the  attenuator  section  it 
must  be  remembered  that  the  amplifier 
preceeding  the  attenuator  unit  must  be 
capable  of  delivering  (antilog 
attenuation  range  ^  , 

- - )  times  the  required 


value  of  Ep  without  distortion. 

In  all  of  these  equations  the  atten¬ 
uation  range  is  considered  as  positive. 
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A  Volume  Limiter 


A  peak  chopper  for  broadcast  transmitters,  which  raises  average  level  of  modulation;  makes 
impossible  over-modulation  for  any  extended  period 


There  has  been  an  increasing 
interest  of  late  in  the  use  of 
peak  choppers,  or  volume  limiters 
in  conjunction  with  amplitude  mod¬ 
ulated  transmitters. 

Their  use  affords  two  very  de¬ 
cided  advantages: 

1.  The  average  level  of  modulation 
is  increased. 

2.  Over-modulation,  for  any  nota¬ 
ble  length  of  time,  is  within  the 
limits  of  the  chopper,  impossible. 

The  device  described  in  this  paper 
was  designed  for  use  in  conjunc¬ 
tion  with  the  Bamsdall  CBS  Pro¬ 
gram,  originating  in  Tulsa,  Okla¬ 
homa.  It  is  equally  adaptable,  how¬ 
ever,  to  the  use  suggested. 

Essentially  the  “chopper”  is  an 
attenuating  network  the  loss  of 
which  is  controlled  by  the  amplitude 
of  the  applied  signal.  In  tube  oper- 
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ated  devices  this  is  accomplished 
by  rectifying  and  filtering  a  part  of 
the  signal  voltage  and  applying  it 
either  to  control  the  gain  of  an 
amplifier,  or  to  add  loss  in  the  cir¬ 
cuit  by  changing  the  plate  resistance 
of  a  tube. 

Several  methods  were  examined 
but  were  not  entirely  satisfactory. 
The  one  finally  chosen  offered  four 
distinct  advantages  all  of  which 
could  not  be  obtained  in  any  one  of 
the  others.  They  are  as  follows: 

1.  Both  the  operating  and  re¬ 
leasing  time  can  be  controlled  in¬ 
dependently. 

2.  Current  surges  inherent  in 
tube  operated  devices  are  effectively 
blocked  out  allowing  a  considerable 
reduction  in  operating  time. 


3.  Current  drawn  by  the  attenua¬ 
tor  tubes  is  indicative  of  the  amount 
of  attenuation  present  making  it 
possible  to  read  the  over-shoot  on  a 
suitably  calibrated  meter. 

4.  No  elaborate  filtering  of  the 
rectified  control  voltage  is  necessary 
due  to  the  plate  bucking  arrange¬ 
ment  of  the  attenuator  tubes. 

A  schematic  diagram  of  the  com¬ 
plete  device  is  given  in  Fig.  1  to¬ 
gether  with  the  type  and  sizes  of 
parts  used.  Amplifiers  incorporated 
in  the  input  and  output  circuits  make 
possible  the  use  of  the  desired  levels 
as  well  as  do  away  with  impedance 
variations  which  would  otherwise 
affect  the  input  and  output  circuits. 
The  attenuator  section  consists  of 
an  H  type  resistance  network,  the 
shunt  of  which  is  formed  by  the 
plate  resistance  of  the  attenuator 
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Fig.  1 — Front  tIow  oi  tho  now  10  kw.. 
S-20  Me.  tranomittor  at  W2XE.  short 
ware  station  of  tho  Columbia  Broad¬ 
casting  Systom.  Woyno,  N.  I. 


A  DECADE  of  experimental 
short-wave  broadcasting,  and 
four  years  of  all-band  receiver  pro¬ 
duction  have  failed  to  define  the  pos¬ 
sibilities  of  international  broadcast¬ 
ing.  Nevertheless,  there  are  signs 
and  portents  that  here  is  another  of 
radio’s  “watched  pots”  which  may 
be  getting  ready  to  boil.  Foremost 
of  these  indications  is  the  fact  that 
at  least  three  short-wave  broadcast¬ 
ers  have  new  transmitting  plants 
planned  or  under  way.  The  several¬ 
fold  increases  in  power,  plus  new 
equipments  throughout,  must  repre¬ 
sent  more  than  premise. 

First  of  these  three  installations 
to  approach  completion  is  that  of 
the  Columbia  Broadcasting  System. 
Comprising  complete  new  equipment 
for  W2XE  (located  at  Wayne,  N.  J., 
in  the  same  building  as  WABC)  this 
installation  features  an  especially 
designed  factory-built  transmitter 
which  sets  up  entirely  new  standards 
in  this  field.  As  the  newest  develop¬ 
ment — and  hence  most  recent  com- 
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mentary  on  the  advance  in  short¬ 
wave  broadcasting — this  installation 
has  many  features  of  general  inter¬ 
est. 

Technically  the  new  equipment  of 
W2XE  is  of  more  than  usual  inter¬ 
est  in  that  it  marks  a  definite  turn¬ 
ing  point  in  the  development  of 
equipment  of  this  type.  With  adver¬ 
tising  revenue  prohibited  and  with 
little  governmental  encouragement 
American  broadcasters  have  in  the 
past  been  loathe  to  undertake  the 
expense  of  installing  permanent 
equipment  for  operation  on  the  in¬ 
ternational  frequencies.  As  a  re¬ 
sult,  while  American  short-wave 
stations  have  held  their  own  with 
stations  of  other  countries,  with  re¬ 
spect  to  power,  the  equipment  made 
use  of  have  in  general  been  of  a  de¬ 
cidedly  experimental  nature.  This  is 
not  to  imply  that  these  transmitters 
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have  not  been  up  to  the  required 
performance  standards,  but  they 
have  been  of  composite  construction, 
often  using  experimental  type  tubes. 
In  more  or  less  degree  they  have 
lacked  the  advantages  of  standard¬ 
ization  and  operating  convenience 
associated  with  modern  broadcast 
transmitters.  By  contrast  with  this, 
the  new  transmitter  of  W2XE  is  a 
finished  permanent-type  equipment 
which  brings  together  all  of  the  re¬ 
cent  developments  in  radiophone 
transmitter  design.  It  is  the  first 
high-power  short-wave  transmitter 
designed  from  beginning  to  end 
specifically  for  broadcast  use.  It  is 
capable  of  performance  fidelity 
equivalent  to  the  finest  new  broad¬ 
cast  transmitter;  incorporates  such 
features  as  high-level  modulation, 
low  temperature  coefficient  crystals, 
and  advanced  design  of  power  and 
control  circuit  features.  In  appear¬ 
ance  and  constructional  design  it 
follows  the  modem  lines  developed 
in  broadcast  transmitter  design. 


Inductance  Tuning 


Old  in  principle,  new  in  practice,  inductance  tuning  of  broadcast  receivers  offers  several 
advantages  according  to  demonstration  of  0.54 — 65  Me  receiver  before  Radio  Club  of 
America.  Fine  adjustment  in  tuning  bigh  frequencies  is  possible 


Before  the  Radio  Club  of  Amer¬ 
ica  on  November  18  Paul  Ware 
of  P.  R.  Mallory  described  and 
demonstrated  a  most  interesting  sys¬ 
tem  of  tuning  a  superheterodyne  or 
a  t-r-f  receiver  by  means  of  varia¬ 
tions  in  inductance  as  contrasted  to 
the  present-day  method  of  tuning  by 
capacity  variations.  The  inductance 
in  this  case  is  a  single  layer  solenoid 
which  rotates  with  the  tuning  dial. 
On  this  coil  is  a  phosphor  bronze 
rider  which  makes  contact  with  bare 
silver-plated  hard  drawn  copper  wire 
and  effects  the  tuning.  Several  of 
these  coils  may  be  ganged  together. 
Across  each  coil  is  a  fixed  capacity 
which  is  about  1200  micro-micro¬ 
farads  for  the  broadcast  band  and 
50  micro-microfarads  for  short- 
waves.  These  large  fixed  capacities 
swamp  variations  in  capacity  due  to 
changes  in  tubes  or  to  circuit  varia¬ 
tions. 

Advantages  of  the  system  of  tun¬ 
ing  by  inductance  rather  than  by 
capacity  cited  by  Mr.  Ware  are  ease 
of  alignment;  greater  frequency  cov¬ 
erage  per  switch  position ;  lower 
variations  between  units  due  to 
variations  in  wiring;  better  oscilla¬ 
tion  in  superheterodynes;  switchless 
skipband  design ;  push-button  tuning 
without  the  necessity  of  automatic 
frequency  control ;  ease  of  getting 
band  spread  without  extra  gadgets. 

The  receiver  demonstrated  cov¬ 
ered  from  the  broadcast  band  to  65 
megacycles  with  three  switch  posi¬ 
tions.  Mr.  Ware  stated  that  the  cost 
of  his  system  compared  to  condenser 
tuning  could  be  stated  in  this  man¬ 
ner;  if  an  all- wave  receiver  is  to  be 
built  with  two  switch  positions  for 
inductance  tuning  and  three  posi¬ 
tions  for  condenser  tuning,  the  new 
method  would  be  cheaper.  On  the 
other  hand  if  three  switch  i>ositions 
are  used  in  both  sets,  the  cost  would 
be  about  the  same.  The  inductance 
system,  however,  would  have  a  much 
better  tuning  coverage  of  the  desired 
frequencies.  For  example  it  seems  to 


be  possible  to  have  an  all-wave  set 
in  which  certain  portions  of  the  spec¬ 
trum  can  be  spread  out  to  occupy  a 
large  position  of  the  tuning  scale 
with  all  other  portions  covered  but  in 
a  hurry.  Thus  the  important  fre¬ 
quencies  can  be  covered  slowly  and 
accurately ;  the  others  can  be  jumped 
over  but  without  any  actual  skip 
bands. 

The  accuracy  of  alignment  and 
tuning  is  high  compared  to  capacity 
tuning.  For  example  a  condenser  is 
restricted  to  a  180  degree  rotation. 
Thus  the  tuning  dial  must  effect  all 
the  tuning  in  this  half-circle  of  mo¬ 
tion.  On  the  Ware  coils,  however, 
there  are  30  feet  of  wire  for  the 
broadcast  band.  Since  the  contact 
can  cover  each  quarter-inch  of  this 
thirty  feet  the  total  dial  motion 
amounts  to  the  number  of  turns 
times  360  degrees  and  the  accuracy 
amounts  to  one  quarter  inch  in  30 
feet.  It  would  be  expensive  to  get 
this  sort  of  motion  with  a  condenser 
unless  one  resorted  to  gears  such  as 
now  go  into  General  Radio  precision 
condensers. 

This  very  fact  of  long  tuning 
range  presents  a  difficulty — that  of 
manually  tuning  the  system.  On  Mr. 
Ware's  demonstration  receiver,  it 
was  necessary  to  install  a  crank  with 
which  the  tuning  system  was  literally 
wound  up  to  the  required  frequency. 
Motor  tuning,  however,  would  sim¬ 
plify  this  tuning  tremendously  and 
make  inductance  tuning  practical. 

The  question  of  tracking  in  a 
superheterodyne  naturally  arises. 
Using  inductance  trimmers  it  seems 
possible  to  equal  and  perhaps  better 
tracking  when  accomplished  as  in 
present  day  circuits.  As  a  matter  of 
fact  the  system  makes  it  possible  to 
have  four  cross-over  points  with  the 
variations  due  to  mistracking  some¬ 
what  less  than  with  a  three  cross¬ 
over  capacity  trimmed  system.  So 
far  as  feedback  is  concerned,  Mr. 
Ware  pointed  out  that  a  two-gang 
job  with  a  tight  metallic  shield  over 


the  two  coils  operated  without  dis¬ 
turbing  feedback.  In  this  case  the 
broadcast  band  coils  were  about  2J 
inches  in  diameter  with  a  shield 
about  4  inches  in  diameter. 

On  the  question  of  life  and  noise, 
it  was  stated  that  the  receiver  on 
demonstration  had  been  tuned  the 
equivalent  of  30,000  round  tr?ps  of 
the  contactor  which  amounted  to  sev¬ 
eral  hundred  miles  of  motion.  No 
noise  developed  in  this  period.  Ex¬ 
periments  were  also  made  to  deter¬ 
mine  the  noise  that  came  about  after 
the  receiver  had  been  out  of  service 
for  an  api)reciable  period.  Here, 
again,  no  noise  seemed  to  arise. 
Since  the  inductance  with  the  mov¬ 
ing  contactor  need  not  be  hermet¬ 
ically  sealed,  to  prevent  development 
of  noise,  the  system  is  inherently 
quiet.  It  is  free  from  Mocrophonics. 

In  addition  to  the  possibilities  of 
inductance  tuning  for  radio  receivers 
is  the  advantage  of  it  when  used  in 
signal  generators.  Mr.  Ware  indi¬ 
cated  that  he  had  constructed  a  gen¬ 
erator  covering  a  range  of  90  kc.  to 
35  Me.  which  delivered  2  volts  into 
20  ohms  and  which  had  constant  out¬ 
put.  This  was  a  MOPA  circuit.  Using 
a  954  acorn  tube  it  was  possible  to 
make  an  oscillator  covering  the  range 
of  40  to  150  megacycles. 

Discussion  brought  out  the  fact 
that  with  small  shunting  capacities, 
one  would  be  able  to  work  near  the 
natural  wavelength  of  the  coils;  that 
a  typical  coil  had  53  turns  on  a 
2  inch  diameter  form  and  would 
cover  a  range  of  from  0.54  to  18 
megacycles;  that  in  actual  practice 
small  “end”  coils  were  connected  to 
the  tuned  inductance,  these  addi¬ 
tional  coils  having  values  of  Q 
higher  than  the  tuning  inductance. 
These  end  coils  brought  up  the  over¬ 
all  Q  considerably  with  evident  ad¬ 
vantage.  The  use  of  conical  0011.“^ 
to  improve  straight  line  tuning  and 
several  methods  of  increasing  the 
alignment  ease  were  brought  out  in 
the  ensuing  discussion. 
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Frequency  Changeover 

Short-wave  broadcast  transmitters 
are  operated  at  several  frequencies 
during  the  day  in  order  to  obtain 
optimum  results  according  to  the 
diurnal  variations  of  the  ionosphere 
and  the  desired  direction  of  trans¬ 
mission.  Since  it  may  often  be  re- 


Fig.  4 — QoM-up  oi  rear  oi  exciter  unit  showing  duplicate  tank  circuits  in 
each  of  the  four  low-power  stages.  Tuning  is  accomplished  by  flexible  coble 
coupling  the  condenser  shoft  with  the  panel  dial 


and  utilize  interstage  transformers. 

In  the  first  stage  843's  are  used, 
846's  in  the  second  stage,  and  891*8 
in  the  modulator  stage.  The  latter, 
operating  Class  B,  modulates  the 
power  amplifier  stage. 

The  power  supply  consists  of  three 
separate  rectifiers.  The  first  em¬ 
ploys  a  pair  of  866-A’s  and  furnishes 
250  volts  to  the  plates  of  the  oscil¬ 
lator  and  buffer  stages,  in  addition 
to  supplying  bias  voltage  for  all 
stages  of  the  transmitter.  The  sec¬ 
ond  employs  three  872-A’s  in  a  three 
phase  half  wave  circuit  and  supplies 
plate  voltages  for  the  two  doubler 
stages,  the  intermediate  power  am¬ 
plifier  stage  and  the  second  audio 
amplifier.  The  third  is  the  high- 
voltage  supply  for  the  modulator  and 
power  amplifier  stages.  It  consists 
of  twelve  872-A’s  in  two  banks,  each 
of  which  is  in  itself  a  full-wave 
three-phase  rectifier,  the  two  banks 
being  connected  in  series.  This  ar¬ 
rangement  furnishes  10,500  volts 
with  convenient  taps  at  50%  and 
75%  of  maximum.  It  has  the  ad¬ 
vantage  of  using  small  tubes  which 
are  inexpensive  and  may  be  replaced 
at  a  stipulated  number  of  hours, 
thereby  avoiding  frequent  time 
losses  due  to  tube  failures. 

The  control  system  of  the  trans¬ 
mitter  represents  a  marked  advance 
in  tl.is  field.  It  closely  follows  the 
systems  worked  out  for  the  more 
recent  designs  of  broadcast  trans¬ 
mitters  and  is  the  equal  of  these 
latter  in  every  respect.  All  units 
are  interconnected  and  so  arranged 
that  either  manual  step-by-step  or 
full  automatic  starting  may  be  em¬ 
ployed.  Circuits  are  interlocked  so 
that  voltages  are  applied  in  proper 
sequence  and  the  necessary  time  de¬ 
lays  assured.  The  usual  devices  are 
employed  to  protect  the  equipment 
in  case  of  excessive  plate  current, 
inadequate  water  flow,  or  high  tem¬ 
perature  of  the  cooling  water.  An 
automatic  induction  voltage  regula¬ 
tor  is  supplied  so  tha^  variations  in 
line  voltage  up  to  ±10%  are  auto¬ 
matically  corrected. 


quired  to  transmit  successive  pro¬ 
grams  at  different  frequencies,  some 
method  of  quick  frequency  change¬ 
over  is  highly  desirable.  If  instan¬ 
taneous  changeover  is  to  be  accom¬ 
plished,  retuning  of  stages  is  obvi¬ 
ously  impossible.  In  order  to  avoid 
this,  use  has  been  made  of  an  ar¬ 
rangement  previously  employed  in 
commercial  communication  transmit¬ 
ters  (where  a  somewhat  similar 
problem  exists).  Changeover  from 
one  frequency  to  another  is  accom¬ 
plished  by  means  of  a  single  switch ; 
the  operation  is  practically  instan¬ 
taneous  and  no  program  time  is  lost. 
The  primary  feature  of  this  arrange¬ 
ment  is  the  provision  of  alternative 


tank  connections  in  all  r-f  stages.  In 
the  four  low-power  stages,  which  are 
housed  in  the  center  unit  of  the 
transmitter,  the  alternative  connec¬ 
tions  consist  of  independent  tank  cir¬ 
cuits,  each  complete  in  itself.  The 
arrangement  of  these  tank  circuits 
is  illustrated  in  Fig.  4.  In  the  case 
of  the  power  amplifier  stage,  the 
changeover  is  accomplished  by  means 
of  taps  on  the  tank  coil  so  arranged 
as  to  short  circuit  portions  of  the 
coil  when  changing  to  a  higher  fre¬ 
quency.  In  addition  to  these  changes 
in  the  r-f  stages,  it  is  also  necessary 
to  reduce  the  voltage  on  the  power 
amplifier  at  the  higher  frequencies 
(the  maximum  allowable  power  out- 
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Fig.  2 — Front  Tiew  with  main  doora 
open  to  show  the  unusual  accessibnitr 
of  all  ports.  Tuning  controls  ore 
loccrted  behind  the  two  small  doors 
which  are  here  shown  closed 


Fig.  3 — Rear  Tiew  with  doors  open. 
The  three  sections  are  merely  for 
purposes  of  conTenience.  as  the  traiu- 
miner  is  constructed  as  a  single  unit 


Since  modern  short-wave  stations 
operate  on  several  frequencies  dur¬ 
ing  the  day  (present  W2XE  fre¬ 
quencies  are  6120,  11830,  15270, 
17760,  21520),  provision  for  a  num¬ 
ber  of  crystals  is  necessary.  Four 
positions  are  provided,  so  that  four 
crystals  may  be  kept  up  to  tem¬ 
perature  and  ready  for  instant  use. 
Each  of  the  four  positions  has  an 
indicator  light  associated  with  it 
for  showing  operation  of  the  heater 
element.  ‘  Selector  switches  are  so 
arranged  that  two  crystals  may  be 
permanently  connected  in  the  cir¬ 
cuit.  This  provides  a  set-up,  such 
that  instantaneous  changeover  be¬ 
tween  any  two  pre-selected  frequen¬ 
cies  can  be  accomplished.  The  crys¬ 
tal  units  utilized  are  the  small  plug¬ 
in  interchangeable  type.  Each  unijt 
contains  a  low  temperature  coefficient 
crystal,  a  heater  element,  and  a 
thermostat  of  the  glass-enclosed  bi¬ 
metallic  type.  The  crystal  units  are 
capable  of  keeping  the  total  fre¬ 
quency  deviation  of  the  transmitter 
within  .01  of  one  per  cent.  Since 


they  are  inexpensive,  uncritical  and 
rugged,  any  desired  number  of  them 
may  be  kept  on  hand  and  substituted 
at  will  in  the  four  positions. 

Tube  Line-Up 

The  crystal  heater  units  are  used 
in  conjunction  with  an  oscillator 
stage  employing  a  42  with  an  un¬ 
tuned  plate  circuit.  The  crystal  fre¬ 
quency  is  from  three  to  five  mega¬ 
cycles,  depending  on  the  output  fre¬ 
quency  in  use.  The  oscillator  is  fol¬ 
lowed  by  a  buffer  stage  employing  a 
802  operating  at  the  crystal  fre¬ 


quency.  This  is  followed  by  a  first 
doubler-stage  using  an  803,  and  a 
second  doubler-stage  using  a  pair  of 
803’s.  The  latter  drives  an  inter¬ 
mediate  power  amplifier  which  uses 
four  803’s  and  operates  at  the  out¬ 
put  frequency.  These  in  turn  drive 
the  power  amplifier  which  consists 
of  a  pair  of  207’s  in  push-pull,  feed¬ 
ing  an  output  circuit  designed  to 
match  a  500-ohm  line. 

The  audio  portion  of  the  trans¬ 
mitter  consists  of  two  audio  ampli¬ 
fier  stages  and  the  modulator  stage. 
All  three  are  push-pull  connected 
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ately  accessible  throuKb  the  front 
doors  of  the  unit.  All  other  compo¬ 
nents  are  mounted  on  the  back  of 
these  panels  or  on  shelves  attached 
thereto  so  that  they  are  immediately 
available  when  the  rear  doors  are 
oi>en.  It  is  interesting  to  note  that 
in  this  new'  transmitter  the  “walk- 
in”  idea  has  been  carried  to  the 
ultimate  end.  i.e„  full  length  doors 
are  provided  in  front  and  rear.  This 
arrangement  is  made  possible  by 
providing  small  vertical  panels  (be- 
tw'een  the  main  front  doors)  on 
which  are  located  all  tuning  con¬ 
trols.  These  are  ordinarily  hidden 
by  small  doors  which,  unlike  the 
main  doors,  are  not  interlocked. 


In  addition  to  the  major  construc¬ 
tional  details  there  are  many  minor 
features  of  interest  which  it  is 
hardly  possible  to  mention  in  a  short 
description.  Close  inspection  of  the 
several  interior  views  will  reveal 
many  of  these.  For  instance,  in 
Fig.  6  is  shown  the  front  view  of 
the  exciter  unit.  In  this  may  be 
seen  the  arrangement  of  alternative 
tank  circuits  used  to  obtain  rapid 
frequency-changeover  in  the  low- 
power  stages.  At  the  right  of  this 
view,  behind  the  vertical  door  is  part 
of  the  control  circuit  components  of 
the  transmitter.  To  the  right  of 
this  door  (not  shown)  are  the  mag¬ 
netic  circuit-breaker,  the  gravity- 


operated  high-voltage  switch,  the 
porcelain  cooling  reels,  and  the 
water-flow  indicators.  In  Fig.  7 
is  shown  a  close-up  view  of  the 
power  amplifier  section.  Directly 
in  front  will  be  seen  the  bullet¬ 
like  neutralizing  condensers  which 
are  provided  with  micrometric 
controls.  Just  behind  these  are  the 
tubes,  water-cooled  tank  coil  and  en- 
closed-type  tank  condenser.  Above 
may  be  seen  the  antenna  coupling 
circuits,  and  below,  four  of  the 
twelve  tubes  which  compose  the 
high-voltage  rectifier.  In  general 
these  glimpses  give  a  good  idea  of 
the  advanced  and  finished  design  of 
this  new  short-wave  broadcast  trans¬ 
mitter. 

Broadcast  Quality 

Such  factors  as  crowded  alloca¬ 
tions,  dependence  on  sky-wave  trans¬ 
mission,  and  the  prevalence  of  the 
DX  reception  idea,  place  limits  on 
the  fidelity  which  it  is  possible  to 
obtain  at  present  in  short-wave 
broadcasting.  However,  good  en¬ 
gineering  practice  requires  that  the 
designer  look  ahead  over  the  period 
of  years  extending  to  likely  obso¬ 
lescence  of  the  transmitter,  and  pro¬ 
vide  for  meeting  any  standards 
likely  to  be  set  up  by  changing  con¬ 
ditions  during  that  period.  From 
this  viewpoint,  nothing  less  than  the 
minimum  standards  as  defined  for 
high-fidelity  transmission  can  be  tol¬ 
erated  in  a  modern  broadcasting 
transmitter,  whether  for  short¬ 
wave,  or  broadcast  band  operation. 

The  performance  characteristics 
of  the  W2XE  transmitter  not  only 
provide  for  the  ordinary  standards 
of  high  fidelity  transmission,  but 
also  for  that  safety  factor  necessary 
to  insure  such  performance  in  day- 
to-day  operation.  Generally  speak¬ 
ing,  the  specifications  are  the  equiv¬ 
alent  of  those  of  the  more  recent 
broadcast  transmitters.  The  fre¬ 
quency  response  is  within  1  db.  from 
100  to  5000  cycles,  and  within  1.5 
db.  from  30  to  10,000  cycles.  The 
audio  frequency  distortion  is  less 
than  4%  r-m-s  for  the  range  of  50 
to  7500  cycles,  from  zero  to  100% 
modulation.  The  unweighted  back¬ 
ground  noise  level  is  45  db.  down. 
This  latter  is  not  quite  the  equal  of 
the  new  broadcast  transmitters,  but 
is  in  all  probability,  fully  as  great 
as  can  be  utilized  in  short-wave 
broadcasting. 
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Fi9<  5 — Front  riew  of  the  modulator  unit  Audio  tubes  Fig.  6 — Front  Tiew  of  the  exciter  unit  The  two  small 

are  on  the  shelf  at  the  top:  low  power  rectifiers  may  doors  on  each  side  of  this  assembly  may  also  be 

be  seen  at  the  bottom  opened  to  proTide  additional  accessibility 


put  varying  from  10  kw  at  6  Me)  to 
6  kw  at  20  Me)  and  to  ehange 
the  tuning  eireuit  of  the  oseilli- 
seope  whieh  is  used  as  a  modulation 
indieator.  Still  another  ehange  is 
aeeomplished  in  the  output  eireuit, 
this  being  so  arranged  as  to  eonneet 
to  either  of  two  alternative  trans¬ 
mission  lines,  whieh  may  in  turn  be 
eonneeted  to  antennas  designed  for 
the  eorresponding  operating  fre- 
queneies.  All  of  these  ehanges  are 
aeeomplished  by  meehanieal  switehes 
operated  by  solenoids  so  that  elos- 
ing  the  switeh  in  the  solenoid  ex¬ 
citing  circuit  provides  the  complete 
operation. 

The  construction  of  the  unit  is 


unique  for  this  power  and  type  of 
transmitter.  Not  only  is  it  much 
smaller  in  dimensions,  but  the  me¬ 
chanical  design  and  appearance  are 
quite  different  from  any  previous 
designs.  With  the  exception  of  the 
cooling  system,  plate  transformer, 
modulation  transformer  and  choke, 
and  minor  items,  it  is  entirely  self- 
contained.  The  transmitter  housing 
proper  is  approximately  9i  ft.  long, 
7  ft.  high,  and  4  ft.  deep.  Unlike 
any  previous  transmitters  of  com¬ 
parable  power,  it  is  a  single  unit, 
built,  shipped  and  installed  as  such. 
Thus,  although  it  is  divided  into 
three  sections,  these  are  chiefly  for 
purposes  of  shielding  and  conven¬ 


ience,  and  are  not  separable. 

The  general  aspects  of  the  design 
and  construction  will  be  evident  from 
the  several  views  which  are  shown. 
Externally  the  transmitter  is  a  single 
unit  marking  a  new  high  in  attrac¬ 
tiveness  of  design.  Internally  it  is 
divided  into  three  sections,  housing 
(from  left  to  right)  modulator,  ex¬ 
citer,  and  power  amplifler.  The  rec¬ 
tifiers  extend  across  the  bottom  of 
all  three  units.  The  method  of 
mounting  components  is  similar  to 
the  vertical  chassis-type  construc¬ 
tion  developed  for  a  new  line  of 
broadcast  transmitters.  All  tubes 
are  mounted  on  the  front  of  ver¬ 
tical  panels  so  that  they  are  immedi- 
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Radio  in  the  Sky 


Transmitter,  battery  powered.  62.000  kc.  modulated  at  400  cycles.  It  uses  push- 
pull  30  tubes.  Without  batteries,  weighs  1  lb.  14  os.  At  right  is  storage  battery 
to  light  filaments.  Weighs  5  os.  will  operate  transmitter  7  hours.  Plate  supply  is 
135  volts  of  Burgess  batteries 


Minimum  and  recording  barometers. 
Right  is  glass  U  tube  with  tungsten 
points  in  woll.  Will  indicate  22  dif¬ 
ferent  altitude  readings 


Receiver  with  (left  to  right)  loud  speaker,  amplifier,  directive  receiver  and  tope 
recorder — the  latter  really  not  being  necessary 


Most  ingenious  are  the  radio  transmitters  carried  by  balloons  to  investigate  metero- 
logical  conditions  in  the  upper  atmosphere.  Photos  on  this  page  from  University  of 
Minnesota  and  on  opposite  page  from  the  Blue  Hills  Observatory,  Harvard  University 


Thermometer  unit  using  bimetal  coil  which  causes  drum 
to  rotate  similar  to  the  action  of  the  hygrometer  unit 


Human  hair  hygrometer.  Change  in  length  revolves  drum 
providing  contact  between  silver  inlay  and  contacts 


UNIVERSITY 


F  MINNESOTA 


Calibration  oquipmonL  Instnimont  ia  inaldo  cylinder  in  which  preaaure  is 
reduced,  then  put  into  rarious  holes  in  which  are  diiierent  temperatures 


omplete  transmitter.  Two  45  Tolt  B  batteries,  one  4.5  Tolt  A  battery.  Snap  on 
lit  of  box  connects  A  battery  lust  before  releasing  balloon.  AboTe,  right, 
ansmitter  box  closed,  ready  to  go  aloft.  The  metallic  shield  protects  the 

Instruments 


Early  (1926)  Moltchonoff  radio- 
meterogroph  used  in  Russia.  Air 
moTing  post  instrument  turns  fan. 
operates  switching 


Blue-Hill  modified  Olland-type  meterograph.  Gold  wire,  spiral,  turned  by  clock, 
twice  a  minute  makes  contact  with  4  arms,  one  fixed.  3  moved  by  bimetal 
thermometer,  single  hair  hydrometer,  aneroid  barometer.  Clock  and  radio 
are  in  balsa  wood  to  protect  them  from  extreme  cold 
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Complete  layout  of  microphone*  and  control  equipment  in  use  at  the  Metropolitan  Opera  House.  New 

York  City  for  NBC  broadcasts 


SATURDAY  matinee  perform¬ 
ances  at  the  Metropolitan  Opera 
House  have  become  a  radio  insti¬ 
tution.  Since  Christmas  Eve,  1931, 
with  the  broadcast  of  “Hansel  and 
Gretel,”  no  week  during  the  season 
at  the  historic  American  center  of 
grand  opera  has  gone  by  without  its 
complete  i)erformance  given  over 
one  or  the  other  of  the  National 
Broadcasting  Company’s  two  net¬ 
works.  Some  of  the  greatest  singers 
of  our  times — Flagstad,  Melchior, 
Ponselle,  Martinelli,  Pons,  Gigli, 
Schorr,  Tibbett,  Scotti,  Jeritza,  Bori, 
to  name  only  a  few — ^have  sung  for 
an  audience  that  extends  from  coast 
to  coast  and  beyond  to  Hawaii,  and 
by  short-wave  to  South  America  and 
Europe. 

Naturally,  any  such  broadcast — 


three  hours  of  leading  singers,  chor¬ 
us  and  orchestra  united  in  a  single 
presentation — would  come  to  have  a 
technique  of  its  own.  This  is  par¬ 
ticularly  true  of  the  Metropolitan 
broadcasts,  since  these  are,  from 
an  operation  viewpoint,  field  broad¬ 
casts.  Radio,  in  other  words,  must 
make  the  best  of  any  adverse  cir¬ 
cumstances,  and  there  are  many  at 
the  Metropolitan. 

To  begin  with,  the  opera  is  given 
for  the  audience  in  the  great  audi¬ 
torium;  no  concessions  are  made  to 
broadcasting,  beyond  allowing  NBC 
equipment  to  be  installed  and  the 
opera  itself  broadcast  Saturday 
afternoons.  In  fact,  none  of  the  ap¬ 
paratus  must  be  in  evidence  so  that 
either  performers  or  members  of 
the  audience  be  aware  that  the  per¬ 


formance  is  being  broadcast.  Next, 
the  elements  of  opera,  which  in  the 
studio  would  be  carefully  rearranged 
to  permit  best  microphone  pick-up, 
follow  in  the  strict  tradition  of  the 
stage.  Finally,  the  acoustics  at  the 
Metropolitan,  although  satisfactory 
for  the  present  audience,  are  far 
from  ideal  for  radio. 

In  solving  the  numerous  problems 
raised  at  the  Metropolitan,  NBC 
engineers  have  devised  one  of  the 
most  fiexible  systems  of  microphone 
pick-up  in  the  world.  During  an 
actual  performance  the  engineer, 
sitting  in  the  famous  Box  44  of  the 
Grand  Tier,  has  at  his  command 
ten  microphones  placed  at  the  most 
strategic  of  the  available  pick-up 
points.  And  it  is  by  the  use  of  these 
microphones  in  different  combina- 
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Herbert  LiTersidge  signcde  "chorue 
is  coming  in  soon."  The  number  of 
fingers  showing  indicates  the  near¬ 
ness  of  the  chorus  musically 


Charles  Grey,  at  iaders,  interprets 
Mr.  Lieersidge's  signals  at  the  10- 
stage  mixer.  This  is  Box  44  at  the 
Met" 


tions  that  he  puts  grand  opera  on  placed  in  the  wings  at  either  side  varies  inversely  with  the  level  of 
the  air.  In  short,  the  engineer  acts  of  the  stage.  the  orchestra  pit.  When  the  orches- 

as  a  second  conductor,  determining  Pick-up  facilities  are  rounded  out  tra  is  lowered  to  diminish  the  vol- 
the  relative  volume  of  each  of  the  by  four  microphones  suspended  from  ume  for  the  present  audience,  the 

elements  of  opera  and  blending  them  the  proscenium  arch,  three  being  of  effect  is  to  intensify  the  directional 

into  a  harmonious  whole.  the  uni-directional  ribbon  type.  Two  characteristics  of  the  sound.  It  is 

Of  the  ten  microphones,  seven  are  of  these  provide  orchestra  pick-up;  as  if  the  orchestra  were  playing  in 
of  the  inductor  type.  Four  are  one  is  hung  slightly  to  the  left  of  a  well  above  which  the  microphone  is 
placed,  in  pairs,  in  the  footlights  at  center  of  the  orchestra,  the  other  placed.  To  counterbalance  this  effect 
either  side  of  the  stage.  One  of  each  about  five  feet  further  to  the  left,  the  microphone  is  raised.  The  third 
pair  is  tilted  upward  to  receive  or  directly  over  the  string  section,  uni-directional  microphone  is  often 
sounds  from  the  stage  sets,  the  ceil-  The  former  is  used  when  the  used  to  pick  up  choruses  over  the 
ing,  etc. ;  the  other  is  directed  at  the  orchestration  is  evenly  balanced  as  heads  of  the  ballet.  The  fourth 
floor  so  that  it  registers  sound  in-  between  strings  and  brasses.  If,  instrument,  an  inductor  microphone, 
tensity  at  a  point  some  two  feet  in  however,  brasses  predominate,  the  records  audience  applause, 
front  of  the  instrument.  This  microphone  over  the  string  section  Cables  joining  microphone  re¬ 
arrangement  provides  clear  and  is  used  to  maintain  the  balance,  ceptacles  and  preamplifiers  under¬ 
sharp  recording  of  performers’  These  two  microphones  are  also  stage  are  made  up  of  individually 
voices,  regardless  of  their  positions  adjustable  as  to  height,  varying  shielded  pairs  of  copper  braid,  en- 
on  the  stage.  Two  other  inductor  from  thirty-five  to  forty-five  feet  cased  in  lead  sheaths.  These  cables, 
microphones,  for  occasional  use,  are  above  the  orchestra.  The  level  chosen  [Continued  on  page  37] 
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Since  1931,  the  Metropolitan 
has  been  broadcast  by  NBC. 
A  description  of  the  apparatus; 
the  technique;  the  liaison 
between  musicians  and  hroatl- 
cast  pickup  engineers. 


UNEQIALUD  DEPEKDABILin 

UNDER  THE  MOST  SEVERE  CONDITIONS 


INTERNATIONAL  RESISTANCE  COMPANY 

401  NORTH  BROAD  STREET.  PHILADELPHIA.  PA.  ““ 


Factories  or  Licer\sees  in  Canada,  England.  France,  Germany.  Italy,  Denmark  and  Australia 


MAKERS  OF  RESISTANCE  UNITS  OF  MORE  TYPES,  IN  MORE  SHAPES,  FOR 
MORE  APPLICATIONS  THAN  ANY  OTHER  MANUFACTURER  IN  THE  WORLD 


loiliatiT* — Resoutceluloess —Cooperation 
to  advance  the  interests 
^  oi  the  industry  ^ 
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Backtalk 


See  for  Yourself 

Concerning  your  article  “Television 
in  Gt.  Britain”  (October,  1937)  I  do 
not  think  that  the  reproduced  photo¬ 
graph  of  a  Wimbledon  relay  race  does 
justice  to  the  results  generally  ob¬ 
tained.  I  admit  that  the  subject  is  of 
greater  interest  than  a  studio  item,  and 
I  agree  that  it  is  not  an  easy  one  to 
photograph. 

In  the  hope  that  they  will  interest 
I  enclose  a  few  rough  prints  of  snaps 
taken  at  my  location  (70  miles  from 
the  transmitter,  low  ground  level)  and 
some  taken  at  40  miles  by  a  Mr.  West- 
head  from  a  standard  “Cossor”  re¬ 
ceiver. 

The  receiver  used  for  my  own  snaps 
was  that  designed  for  the  home  con¬ 
structor  and  described  in  “Television 
&  Short  Wave  World”. 

S.  WEST 

15,  St.  Matthews  Street 
IPSWICH 
Suffolk,  England 
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Allocations  in  the  U-H-F  Spectrum 


Channels  between  30  and  300  megacycles  have  been  assigned  to  definite  services  by  the 
FCC,  as  a  result  of  the  hearings  held  in  June,  1936.  This  listing  is  supplementary  to  the 
general  allocation  chart  published  in  Electronics,  September  1934. 
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SYMBOLS 


AM — ^Amateur 

ATC — Airport  Traffic  Control 
AV — ^Aviation 
B — Broadcast 

CSH — Coastal  and  Ship  Harbor 
EM — Special  emergency 
EX — Experimental 


F — Fixed 
FO — Forestry 
G — Government 
GB — Guard  band 
GMP — Geophysical  and  motion 
tures 


IS — Intership 
MF — Marine  Fire 
P — Police 
PR — Mobile  Press 
RB — Relay  broadcast 
pic-  SV — Special  services 

T — Television 


Numbers  in  parentheses  indicate  number  of  channels 
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permanently  installed  in  duplicate, 
also  extend  through  the  mixer.  Also 
understage  is  an  equipment  rack 
mounting,  besideci  the  preamplifiers, 
the  associated  power  and  control 
equipment.  A  cabinet  for  storing 
spare  microphones  is  located  nearby. 

Broadcasting  activities  center  in 
the  adjoining  boxes  42  and  44  of 
the  Grand  Tier,  at  the  rear  of  the 
house.  The  equipment  rack,  in  the 
foyer  of  Box  44,  houses  duplicate 
high-gain  studio  amplifiers,  four 
preamplifiers  for  the  announcer’s 
and  commentator’s  microphones, 
line  switching  keys,  telephone  ap¬ 
paratus  and  jacks  for  terminating 
all  circuits.  This  rack  is  permanently 
installed  in  one  corner  of  the  foyer 
and,  when  not  in  use,  is  covered  by 
a  red  plush  curtain  in  harmony  with 
the  Metropolitan’s  scheme  of  decora¬ 
tion.  Also  in  the  foyer  of  Box  44  is 
the  announcer’s  table,  removed  from 
the  noises  of  the  audience.  Milton 
Cro.ss,  the  announcer,  is  provided 
with  two  microphones  of  standard 
studio  (ribbon  velocity)  type. 

The  foyer  of  Box  42  is  used  as  a 
miniature  broadcasting  studio  dur¬ 
ing  intermissions.  Here  it  is  that 
commentators  and  guests  make  their 
appearances.  The  equipment  consists 
of  standard  studio  type  microphones 
and  “Stand  By’’  and  “On  the  Air’’ 
lights  for  warning  announcer  and 
guests.  On  several  occasions  a  minia¬ 
ture  piano  has  been  moved  into  this 
room  for  the  use  of  a  commentator 
in  illustrating  remarks  on  the  day’s 
opera. 

The  nerve  center  of  the  Metro¬ 
politan  broadcasts  is  at  the  front  of 
Box  44.  Here  all  the  equipment 
heads  up  in  a  ten-position  mixer, 
specially  designed  and  built  for  its 
present  use.  Each  microphone  of  the 
stage  installation  is  controlled  by 
a  “fader,”  the  controls  on  the  mixer 
panel  being  arranged  in  two  pyra¬ 
mids  at  either  side  of  the  instrument 
to  correspond  to  the  position  of  the 
stage  microphones.  The  only  illumi¬ 
nation  permitted  is  a  small  cowl 
lamp  to  light  the  volume  indicator. 

The  positions  of  engineer  and 


announcer  reverse  the  usual  order. 
In  the  radio  studio  the  announcer,  in 
the  presence  of  a  controlled  audi¬ 
ence,  needs  no  protection  from 
audience  noises.  At  the  Metropolitan, 
however,  the  patrons  move  about 
and  raise  a  hum  of  conversation 
during  intermissions,  so  the  an¬ 
nouncer  is  shielded  from  the  audi¬ 
ence  in  the  foyer  of  Box  44.  In 
studio  practice  the  engineer  is  lo¬ 
cated  in  the  control  booth,  sepa¬ 
rated  from  the  main  studio  by  a 
thick  plate  glass.  At  the  Metro¬ 
politan.  on  the  other  hand,  the  stage 
must  be  plainly  visible  so  the  engi¬ 
neer  sits  at  the  front  of  the  box. 

This,  then,  is  the  apparatus.  A 
simple  description  of  it  clearly  indi¬ 
cates  that  the  work  of  broadcasting 
Metropolitan  Opera  demands  more 
than  a  knowledge  of  circuits.  A 
background  of  the  operatic  art  and 
the  technique  of  the  stage  are  in¬ 
dispensable.  NBC  engineer  Charles 
C.  Grey  is  the  veteran  of  grand  opera 
broadcasting.  His  experience  dates 
back  to  1929  when  NBC  began 
broadcasting  the  performances  of 
the  Chicago  Civic  Opera.  Two  years 
later,  when  the  Metropolitan  series 
began.  Grey  was  brought  to  New 
York.  Eight  years  of  experience 
have  given  him  familiarity  with  the 
scores  of  most  of  the  operas  in  the 
Metropolitan  repertory. 

Obviously,  however,  no  man  could 
be  so  completely  acquainted  with  all 
of  the  details  of  all  of  the  operas 
broadcast  as  not  to  require  assistance 
from  the  score.  And  since  the  engi¬ 
neer  must  keep  his  eyes  on  the 
stage  during  a  performance,  a  pro¬ 
duction  man  is  needed.  This  man 
during  the  last  season  was  Herbert 
E.  Liversidge,  a  graduate  of  New’ 
England  Conservatory  and  a  singer 
of  considerable  experience.  During 
the  broadcast  he  sits  beside  the  engi¬ 
neer  with  the  score  of  the  day’s 
opera  in  an  illuminated  rack  before 
him.  Communication  is  maintained 
between  the  two  by  an  elaborate 
and  ingenious  set  of  hand  signals. 
A  clenched  fist  raised,  for  example, 
indicates  an  orchestra  crescendo; 


dropped,  it  means  a  diminuendo. 
Other  signals  tell  of  impending  en¬ 
trances,  cues,  stage  action,  and  so  on. 

The  NBC  staff  at  the  Metropolitan 
is  rounded  out  by  announcer  Milton 
Cross  and  an  engineer  in  the  foyer 
of  Box  44,  a  commentator  and  an 
engineer  in  the  foyer  of  Box  42,  an 
extra  engineer  for  emergencies  and 
another  production  man  who  might 
be  described  as  a  scout,  in  the  wings 
of  the  stage.  This  last  man  must  be 
thoroughly  acquainted  with  Metro¬ 
politan  backstage  routine  and  also 
familiar  with  the  half-dozen 
languages  used  by  members  of  the 
Metropolitan  stac.  The  information 
he  receives  is  telephoned  to  the  men 
in  Box  44. 

The  work  of  broadcasting  an 
opera  pierformance  begins  several 
hours  before  the  curtain  rises.  All 
apparatus  for  the  two  boxes,  except 
that  mounted  on  the  rack,  must  be 
taken  from  storage,  set  up  and 
checked.  Ten  minutes  before  two 
o’clock  everything  must  be  in  order 
and  final  tests  are  made  throughout 
the  system  as  far  as  Radio  City. 
Announcer  Cross  then  opens  the 
broadcast  from  the  foyer  of  Box  44 
with  a  description  of  the  first  act. 
Out  of  the  corner  of  his  eye  he  no¬ 
tices  that  the  light  at  the  front  of 
the  box  is  snapped  off  and  he  an¬ 
nounces  that  “the  house  lights  are 
dimming  and  in  just  a  moment  our 
conductor  will  appear  in  the  orches¬ 
tra  pit.”  This  information,  of  course, 
was  indicated  in  the  switching  off  of 
the  light  since  Cross  is  not  in  a 
position  to  be  aware  of  what  is  hap¬ 
pening  in  the  auditorium.  The  scout 
in  the  wings  has  warned  the  staff 
that  the  conductor  has  passed  on  his 
way  to  the  pit. 

Immediately  the  center  of  activi¬ 
ties  switches  to  the  front  of  Box  44 
where  Grey  and  Liversidge  take  up 
the  task  of  presenting  what  Cross 
has  described.  Here  the  wisdom  of 
arranging  the  fader  controls  in  pyra¬ 
mids  at  either  side  of  the  mixer  is 
demonstrated,  for  Grey  must  work 
in  the  darkened  auditorium.  The 
conductor  raises  his  baton,  the  over¬ 
ture  begins  and  Grey,  apprised  of 
what  comes  next  by  Liversidge’s 
hand  signals,  begins  manipulating 
the  faders  singly  and  in  combinations 
and  listeners  in  Honolulu,  Monte¬ 
video,  San  Francisco,  Uganda  and 
London  settle  dowm  for  another  per¬ 
formance  at  one  of  the  world’s  great 
centers  of  the  operatic  art. 
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TUBES  AT  WORE 


Tube  applications  for  this  month  include  u-h-f  oscillator, 
voltage  regulator,  keying  transmitters  with  tubes,  a 
high  resistance  bridge. 


Vacuum  Tube 
Resistance  Bridge 

A  VACUUM  TUBE  BRIDGE  sufficiently 
sensitive  to  measure  resistances  of 
from  less  than  100  ohms  to  more  than 
200,000  megohms  and  developed  for 
determining  the  electrical  resistance 
of  chemically  treated  wood  is  described 
by  I.  I.  Davies  in  Instruments  for 
October,  under  the  title  “A  Wide 
Range  Vacuum  Tube  Resistance 
Bridge.”  The  bridge  consists  of  the 
bridge  circuit  proper,  the  bridge  bal¬ 
ance  indicating  circuit,  and  a  power 
supply. 

The  portions  of  the  slide  wire  Ri 
on  either  side  of  the  sliding  contact 
point  C  form  two  arms  of  the  bridge. 
Any  one  of  the  seven  resistors  RS, 
to  RS,  which  may  be  selected  by 
means  of  the  switch  key  form  the 
third  arm  of  the  bridge  and  the  un¬ 
known  resistance  is  the  fourth  arm 
of  the  bridge  and  is  designated  as  R^. 

The  bridge  balance  indicator,  which 
is  itself  a  bridge  circuit,  consists  of 
a  double  triode  vacuum  tube,  an  ad- 


Schemotic  wiring  diagram  of  high  ro- 
^tanco  bridge  doTolopod  for  determin¬ 
ing  resistonce  of  chemically  treated 
wood 


justable  resistance  R,  and  a  zero  cen¬ 
ter  low  range  milliameter,  M,  together 
with  a  grid  bias  in  resistance,  R^,  and 
a  grid  bias  adjusting  voltage  divider, 
R,.  The  power  supply  for  this  resis¬ 
tance  bridge  is  similar  to  that  used 
in  many  radio  receivers  and  consists 
of  a  transformer,  double  wave  rectifier 
and  simple  filter. 

The  complete  connection  for  the 
bridge  as  well  as  a  simplified  schematic 
wiring  diagram  are  indicated.  With 
slight  modifications  of  the  circuit  the 
bridge  can  be  used  as  a  vacuum  tube 
voltmeter,  in  which  case  it  is  capable 
of  measuring  an  unusually  wide  range 
of  voltages  without  drawing  current 
from  the  voltage  source. 


50  to  100  Cm. 

Oscillator  Design 

By  a.  Binneweg,  Jr. 

The  design  of  equipment  for  use  below 
one  meter  wavelength  presents  many 
new  considerations.  Ordinary  tubes 
will  not  function  at  these  frequencies, 
but  the  955  Acorn  tube  will  operate 
about  as  easily  at  3  meter  as  the 
ordinary  receiving  tubes  will  function 
at  2.5  meters.  A  75-cm.  oscillator  is 
shown  in  Fig.  1. 

This  oscillator  consists  of  about  li 
inches  of  No.  22  wire  in  both  grid  and 


Fig.  1  Wiring  diagram  of  50-100  cm. 
oscillator 


plate  leads  and  a  0.00025  /t^fd  mica 
condenser  shunted  across  their  ends. 
Five  chokes  are  essential.  Each  choke 
consists  of  about  40  turns  of  No.  34 
wire  spaced  i  inch  on  a  i  in.  bakelite 
or  hard  rubber  rod. 

The  Lecher  wavemeter  of  Fig.  2 
consists  of  two  wires  drawn  taut  be¬ 
tween  two  supports  with  a  meter  stick 


arranged  below  the  wires,  so  that  the 
wavelength  can  be  read  directly.  In 
using  this  wavemeter,  the  coupling  coil 
is  bent  down  to  the  oscillating  circuit 
until  there  is  loose  coupling  as  indi¬ 
cated  by  the  grid  meter.  Then  the 
shorting  link  is  moved  along  the  wires 
until  resonance  is  shown  by  the  grid- 
meter  dip.  The  distance  along  the 
wires  between  two  resonance  positions 
is  one-half  wavelength.  It  is  necessary 
to  use  at  least  50  volts  on  the  955 
at  75  cm. 

75  Cm.  aerials 

For  coupling  to  an  aerial  a  thin 
piece  of  copper,  8-in.  square,  is 
soldered  directly  to  point  A  on  the 
plate  lead  in  Fig.  2.  Another  thin 
copper  plate  of  the  same  dimensions 
was  soldered  to  the  end  of  a  short 
length  of  No.  20  bare  wire.  This 
second  plate  was  placed  iu.  from 
the  plate  on  the  plate  lead. 

The  best  way  to  determine  the  proper 


Fig.  2  Coupling  the  OBcillotor  to  the 
Lecher  wire  eyitem 


antenna  length  is  to  attach  an  aerial 
which  is  too  long,  and  then  shorten  it, 
a  little  at  a  time,  until  resonance  is 
reached.  When  the  aerial  is  tuned  to 
the  oscillator,  the  grid  current  in  the 
oscillator  will  decrease  to  a  minimum. 
The  complete  aerial  coupling  scheme 
is  shown  in  Fig.  3.  A  typical  set  of 


Fig.  3  Comploto  oBcillotor  and  Lochot 
Wire  orrangoment 


values  for  grid  current  values  and 
corresponding  aerial  lengths  is  given 
below.  Correct  antenna  length  is  in¬ 
dicated  by  minimum  grid  current. 


Values  for  No.  20  Tinned  Copper 
Aerial  Wire 


Length  of  aerial 
wire  in  inches 


Grid  current  in 
Osciliator,  Miis. 
.54 
.20 
.14 
.08 
.06 
.02 
.(M 
.08 
.13 
.28 


The  aerial  leng^th  for  which  the 
{Continued  on  page  39) 
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grid  current  in  the  oscillator  is  a 
minimum  is  123  inches. 

Very  short  lengths  of  wire  connected 
to  the  high  voltage  parts  of  the  grid 
and  plate  of  oscillator  have  surprising 
effects  on  the  efficiency;  for  this  reason, 
no  superfluous  leads  or  metal  lugs  or 
parts  should  remain  connected  to  the 
grid  and  plate  leads. 

It  will  be  found,  in  general,  that  the 
cathode  as  well  as  the  heaters  of  the 
tube  will  be  at  a  relatively  high  r-f 
potential.  This  means  that  chokes  have 
to  be  used  in  the  heater  and  cathode 
leads  in  order  to  obtain  the  best  effi¬ 
ciency.  Results  are  also  improved  by 
using  by-pass  condensers  connected 
directly  at  the  tube.  The  best  con¬ 
densers  for  this  purpose  are  small 
midget  type  0.00025  /i^fd  fixed  con¬ 
densers. 


Regulator  .Maintains 
Voltage  fur  Motion 
Picture  Printers 

By  T.  a.  Reii>  and  E.  W.  Morris 

Indus  trial  Itirision,  Wrstinghouse  FAec. 

Mfg.  Co..  Lot  .ingrles,  Calif. 

The  daily  printing  of  thousands  of 
reels  of  motion  picture  film  presents 
one  of  the  most  exacting  requirements 
encountered  in  the  application  of  elec¬ 
trical  apparatus.  The  high  speed  at 
which  printing  is  accomplished  in  the 
modern  printer  necessitates  the  use 
of  a  very  constant  voltage  for  the 
lamp  from  which  the  light  exposes  the 
positive  stock,  as  it,  and  the  developed 
negative  film,  passes  the  light  aper¬ 
ture. 

After  a  negative  has  been  developed, 
it  is  tested  for  density  and  this  test 
determines  the  light  level  to  be  used 
for  making  additional  prints.  Once  the 
light  source  has  been  adjusted  to  a 
given  intensity,  no  change  is  permitted 
while  the  print  is  being  made.  It  is 
this  necessity  for  a  constant  intensity 
of  the  light  source  that  presents  the 
problem.  A  typical  installation  may 
consist  of  seven  to  ten  printers,  each 
with  two  500  watt  lamps,  all  operating 
from  a  10  kw.  generator.  Each  printer 
is  equipped  with  a  rheostat  in  series 
with  a  lamp  tc  establish  the  proper 
light  level. 

A  serious  change  in  load  occurs  when 
individual  printers  are  turned  on  or 
off.  Such  a  change  in  load  materially 
affects  the  output  voltage  of  the  direct- 
current  generators,  even  if  compound 
wound.  To  maintain  the  constant  volt¬ 
age  value  which  is  essential  for  film 
printing  procedure  vibrating  types  of 
regulators  have  been  used,  but  the 
inherent  time  lag  due  to  the  inertia  of 


FOR  THEATRE  QUALITV 
REPRODUCTION 
IN  THE  HOME-RADIOI 
OR  PHONOGRAPH 

for  Sound  Reinforcement 

•  Consider  the  system  with  the 
following  advantages: 

1 —  Extremely  high  quality  reproduction 

2 —  High  electro-acoustic  efficiency 

3 —  Wide  and  Uniform  coverage  for  all  frequen¬ 
cies 

4—  Very  low  distortion 

5—  Comparatively  unaffected  by  local  acoustic 
conditions 

6 —  Excellent  power-handling  capacity 

• 

Now,  for  the  first  time  Truly  high  quality  porformanco 
in  a  unit  suitable  for  the  average  public  address  operator. 

For  complofo  Mormafleo,  ASK  YOUR  DISTRIBUTOR,  or  writo  fo 

LANSING  MANUFACTURING  CO. 


6900  SOUTH  McKinley  avenue 


LOS  ANGELES.  CAL. 
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OVER  40  YEARS  OF  SPECIALIZATION  MAKES  THE  DIFFERENCE 


The  endurance  and  angling  skill  of  a  big-game  fisherman  plus  the 
life-long  experience  and  fish -sense  of  a  veteran  seaman.  This  is  the 
combination  that  brings  the  big  ones  to  gaff. 

Familiarity  with  local  waters  and  weather  . .  .  knowledge  of  feeding 
habits  . .  .  intuitive  skill  in  boat-handling  .  .  .  these  are  the  invaluable 
contributions  of  the  professional  skipper.  Without  him  the  most  skillful 
angler  wastes  precious  time  and  misses  unique  opportunities. 

In  the  landing  of  big  electrical  jobs  the  insulation  specialist  can  save 
you  time  and  money  and  prevent  you  from  missing  opportunities.  From 
long  experience  he  has  the  knowledge  of  raw  materials,  equipment  and 
methods  combined  with  expert  skill  in  handling. 

Mica  Insulator  Company’s  42  years  experience  as  the  pioneer 
manufacturer  of  electrical  insulation,  and  their  unequalled  research 
facilities,  are  at  your  service. 

200  Varick  St.,  Seu>  York*  543  S,  Dearbont  St.,  Chicago  1376  IT  St.,  CttttlaMd. 
Birmimgbam,  Bottom,  Cimcimnatt,  Lot  Angtltt,  Sam  Framatco,  Seattle,  Momtreat,  Toromto 


INSULATION’S  ROLE  IN 
BIO  CONSTRUCTION  PROJECTS 

Joimtt  amd  tplice  work  om  heavy  cornttruc- 
tiom  joht  put  varmithed  cambric  to  iti 
teverett  tett .  . .  amd  it  it  here  that  Empire 
Tapeprovet  itt  worth.  At  exampUt, literally 
thoutamdt  of  feet  of  thit  tape  have  gome  to 
work  both  at  Norrit  Dam  amd  Bomldtr 
Dam,  illuttrated  —  the  targett  amd  moit 
powerful  dam  om  earth. 


Insulator 

Combanu 


LAMICOID  LAMINATED  PLASTIC  MATERIALS 


? 


moving  parts  and  the  fact  that  the  low 
sensitivity  of  such  equipment  required 
a  considerable  change  in  machine  volt¬ 
age  before  the  regulator  functioned, 
has  caused  them  to  be  abandoned. 

Voltage  changes  of  less  than  i  volt 
plus  or  minus  from  normal  were  de¬ 
manded,  without  hunting.  These  ex¬ 
acting  requirements  lead  to  the  devel¬ 
opment  of  the  electronic  voltage 
regulator  for  direct-current  generators. 
Upon  applying  it  to  this  type  of  work 
in  a  number  of  different  film  labora¬ 
tories,  it  was  found  that  the  required 
tolerances  could  readily  be  maintained 
or  bettered. 

The  ele  ctronic  regulator  shown  in 
the  figure  is  instantaneous  in  its  re¬ 
sponse  to  voltage  changes  at  the  ter¬ 
minals  of  the  generator  to  which  it  is 


E  VE  R  E  A  DY”  No.  762  45-volt  Portable  "B”  battery 
is  now  made  with  plug-in  connection. 

£quip|>ed  with  the  RMA  standard  3-prong  "B”  battery 
socket  and  adaptor. 

Portable  equipment  can  be  powered  with  the  No.  762 
battery  when  in  the  field  and  easily  transferred  to  heavy 
duty  batteries  for  more  permanent  locations. 

Plug-in  connections  also  make  it  easy  to  shift  batteries 
from  one  experimental  set-up  to  another. 

NOTE:  The  No.  762  battery  equipped  with  screw  terminals  and 
insulated  knurl  nuts  is  still  available  as  No.  762-S. 


Compact  electronic  regulator  oper¬ 
ating  on  leee  than  one  microwatt 
of  control  energy 


applied.  It  is  designed  to  operate  on  a 
control  energy  of  less  than  one  micro¬ 
watt,  which  may  be  contrasted  to  a 
control  energy  requirement  of  approx¬ 
imately  100  voltamperes  for  the  opera¬ 
tion  of  most  mechanical  types  of 
regulators.  Quick  response  is  obtained 
through  the  use  of  electronic  tubes  and 
the  elimination  of  friction  and  inertia 
inherent  with  all  mechanical  regula¬ 
tors.  The  operation  of  an  electronic 
regulator  is  simple.  A  slight  voltage 
change  detected  at  the  terminals  of 
the  generator  is  applied  to  the  grid 
of  an  amplifier  tube,  and  a  propor¬ 
tional  correction  immediately  applied 
to  the  field  current  of  the  generator. 

Two  arrangements  were  developed, 
one  in  which  the  correction  is  applied 
directly  to  the  field  of  the  generators 
rated  from  2  to  10  kw.,  and  the  other 
where  the  correction  is  applied  to  the 
exciter  of  a  separately  excited  gener¬ 
ator,  as  indicated  in  the  figure.  Where 
the  separate  exciter  is  used,  capa¬ 
cities  up  to  approximately  300  kw. 
can  be  regulated  with  this  device. 


BATTERY  HEADQUARTERS 

NATIONAL  CARBON  COMPANY,  INC. 

30  East  42ncl  St.,  New  York,  N.  T. 

The  word  “Eveready”  is  the  trade-mark 
of  National  Carbon  Co.,  Inc. 
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Adriintagfous  ui>i>lit'utiini>  of  Itokelitv  XMS-I0(t2ii  Material  include: 
coil  forms,  tube  bases,  terminal  blocks,  s/Hicing  tcashers,  connector  blocks. 


After  exhausittive  researt'li  and 
■  development  in  its  laboratories, 
Rakelite  Corporation  now  contrib¬ 
utes  to  electrical  science  and  in¬ 
dustry  a  superior  thermo-plastic 
material  for  low-loss  purposes. 

Possessing  the  extraordinary 
properties  in  a  molded  plastic,  of 
a  power  factor  of  less  than  .0002  at 
frequencies  of  60  to  1,000,000  cycles, 
and  a  dielectric  constant  of  2.60  at 
the  same  frequencies,  this  new 
Rakelite  Polystyrene. molding  ma¬ 
terial  offers  marked  advantages  for 

RAKELITE  CORPORA 

RAKELITE  CORPORATION  OF  CANADA,  LIMITED.  1 


many  electrical  products  and  equip¬ 
ment  parts.  Its  dielectric  strength 
is  more  than  500  volts  per  mil;  its 
resistivity,  over  10^  megohm  centi¬ 
meters;  and  its  arc-resistance,  240 
to  250  seconds. 

In  addition  to  these  electrical  ad¬ 
vantages,  Rakelite  XMS-10023 
material  provides  the  important 
merits  of:  uniformity  in  molding; 
freedom  from  crazing  or  other  sur¬ 
face  difficulties;  permanence  of  di¬ 
mension  at  temperatures  under 
100°F;  and  high  resistance  to  water, 

T  I  O  N  ,  2  4  7  PARK  A  V  E 

Oiiff^rin  Slrerl,  Toronto,  Canada  ff  ext  Coa^t :  FJerIriri 


acids  and  alkalies.  Its  durability 
and  toughness  are  indicated  by  its 
A.S.T.  INI.  Impact  Strength  of  .16 
foot  pounds,  and  flexural  strength 
of  ihore  than  7000  pounds  per 
square  inch. 

Opportunities  for  the  improve¬ 
ment  of  high-frequency  apparatus 
through  application  of  this  new 
Rakelite  molding  material  are  prac¬ 
tically  unlimited.  We  invite  elec¬ 
trical  engineers  and  manufacturers 
to  write  for  further  data  on  Rakelite 
Polystyrene  Low-Loss  material. 

N  L  E  ,  NEW  YORK,  N.  Y. 

I  Specialty  Co.,  Inc.,  316  Eleventh  Street.  San  Francisco,  Cal. 


BAKELITE  POLYSTYRENE  LOW-LOSS  MATERIAL 
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The  electronic  regulator  has  ideal 
anti-hunting  characteristics,  the  anti¬ 
hunting  force  being  proportional  to 
the  rate  of  recovery  of  the  regulated 
voltage  and  is  zero  when  the  regulated 
voltage  is  normal;  the  anti-hunting 
device  does  not  affect  the  regulator 
calibration,  and  it  is  independent  of 
the  adjustment  for  regulated  voltage 
and  regulator  response. 

From  the  diagram  it  may  be  seen 
that  a  potentiometer  voltage  from  the 
generator  terminals  is  bucked  against 
a  battery,  the  voltage  difference  (ap¬ 
proximately  2  volts)  being  applied  to 
the  grid  of  a  voltage  amplifier  tube. 


Left — AmerTren  inver*e  feed-back  modulation 
transformer  for  service  in  a  50  Kw.  hish-level 
broadcast  transmitter. 


Have  you  considered  the 
advantages  of  inverse  feed¬ 
back  in  the  modulation  system 
of  a  broadcast  transmitter?  If 
properly  engineered,  you  obtain 
lower  distortion  .  .  .  more  linear 
modulation  ...  an  improved 
signal  to  noise  ratio. 


AmerTran  engineers  coordinate  properly  the  leakage 
inductance  and  capacities  in  a  transformer  design  so 
as  to  insure  desired  performance  characteristics.  Modu¬ 
lation  transformers  for  inverse  feed-back  circuits  have 
a  progressive  phase  shift — normally  30  degrees  from  30 
cycles  to  10  kilocycles.  Frequency  characteristics  are 
uniform  within  0.5  dB  throughout  the  same  range.  May 
we  send  you  complete  data  on  equipment  for  your  re¬ 
quirements? 


AMERICAN  TRANSFORMER 
COMPANY 

178  Emmet  St,  Newark,  N  J. 


PRODUCTS 

AmericAO  TraBtformer  Co. 
manufaclure*  trantformort 
for  every  indattrial,  elec* 
tronic  and  laboralory  appli* 
cation  in  tUet  up  to  10,000 
Kva.  and  for  potentialt  up 
to  132  Kv.  Other  products: 
▼oltafe  regulators,  lost  sots, 
roctifiers. 


Manufactured 
Since  1901  at 
Newark,  N.  /. 


TiAiimftiMttf 


Diagram  of  electronic  voltage 
regulator  for  d-c  generators 


and  the  plate  current  from  this  tube 
is  applied  across  a  resistor  to  the  grid 
of  a  second  voltage  amplifier  tube, 
the  output  of  this  second  voltage  am¬ 
plifier  tube  then  being  of  sufficient 
magnitude  to  control  the  grids  of  six 
current  amplifier  tubes  connected  in 
parallel.  These  current  amplifier  tubes 
supply  a  portion  of  the  field  current 
of  an  exciter  that  is  energized  from 
a  separate  350  volt  d-c.  supply.  In 
this  manner,  voltage  changes  at  the 
terminals  of  the  generator  as  small 
as  0.1  or  0.2  volts  are  amplified 
through  two  voltage  amplifier  tubes 
until  they  are  of  sufficient  magnitude 
to  control  the  grids  of  current  amplifier 
tubes  that  apply  a  corrective  force  to 
the  field  of  the  exciter. 

A  rectifier  with  filter  provides  a 
source  of  d.c.  from  an  a-c  supply  for 
energizing  the  various  elemente  of  the 
tubes  in  the  regnilator.  The  regulator 
can  easily  be  adjusted  to  be  insensitive 
to  changes  in  a-c  voltage  of  plus  or 
minus  5  per  cent. 

The  anti-hunting  device  consists  of 
a  potentiometer  across  the  exciter 
armature  and  a  capacitor  in  serie.s 
with  a  resistor.  When  the  regulated 
voltage  is  normal,  the  exciter  armature 
voltage  is  constant  and  the  voltage 
drop  across  the  resistor  is  zero.  If  the 
exciter  armature  voltage  is  changing 
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THIS  BTE  NEVER  SLEEPS 


RAFFIC  LIGHTS 
must  be  depend¬ 
able  because  they 
___  control  the  safety 

of  wave  after  wave 
of  travelers  at 
cross  purposes.  That  is  one  reason  why 
5ynthane  Bakelite-Iaminated  is  used  for 
insulating  traffic  light  circuits — that  plus 
Synthane's  combination  of  mechanical 
strength,  low  moisture  absorption  and 


high  dielectric  strength.  Svnihane’s  great 
value  lies  in  its  unusually  broad  combina¬ 
tion  of  physical,  electrical,  chemical  and 
mechanical  properties.  Synthanc  is  a  uni¬ 
formly  dense,  solid  material.  It  is  tough, 
strong  and  light  in  weight;  one  of  the 
most  effective  dielectric  materials — com¬ 
bining  low  power  factor,  low  moisture 
absorption,  high  dielectric  strength  and 
low  dielectric  constant.  It  is  chemically 
inert;  corrosion  resistant;  easy  to  ma> 


SHEETS  •  RODS  •  TUBES  •  FABRICATED  PARTS  •  SILENT  STABILIZED  GEAR  MATERIAL 


chine.  The  uses  for  Synthane  are  count¬ 
less.  Just  as  its  combined  properties  are 
necessary  for  insulating  traffic  lights,  so 
it  may  be  of  material  assistance  in  the 
manufaaure  of  your  product.  Synthane 
is  often  the  most  economical  ma¬ 
terial  to  use.  Write  for  “Synthane  for 
Mechanical  Applications”,  telling  us 
in  your  request  your  requirements. 
SYNTHANE  CORPORATION,  OAKS,  PENNSYLVANIA 


WILCO  OFFERS  L  WAYS 


2 


Wilco  Inlay  and  Overlay  is  available  in  sheet  and 
strip  form  or  we  can  furnish  stamped  parts  to  your 


blueprint  specifications. 


in  order  to  correct  a  variation  in  the 
regulated  voltage,  there  will  be  a 
voltage  drop  across  this  resistor.  The 
polarity  of  this  voltage  drop  depends 
upon  whether  the  exciter  voltage  is 
increasing  or  decreasing,  and  the  mag¬ 
nitude  of  the  voltage  drop  will  be 
proportional  to  the  rate  of  change  of 
the  exciter  armature  voltage.  The 
anti-hunting  connection  is  not  made  if 
an  exciter  is  not  used,  and  the  field 
of  the  generator  is  supplied  from  a 
separate  source  of  350  volts  d.c.  to 
which  the  corrective  action  of  the 
regulator  is  applied. 


Keying  Monitor  for 
C-w  Transmitterg 

By  Henry  Perozzo 

Braniff  Airwaya,  Oklahoma  City 

A  KEYING  MONITOR  having  clear  char¬ 
acteristics,  and  which  will  operate 
automatically  without  switching  be¬ 
tween  receiving  and  sending  periods  is 
a  distinct  aid  toward  good  keying,  par¬ 
ticularly  when  traffic  is  heavy,  and  the 


Center  top  keying  circuit 


operator  cannot  bother  to  switch  his 
receiver,  or  other  monitor.  Relays  and 
an  audio  oscillator  answer  the  pur¬ 
pose,  but  the  modern  trend  is  to  in¬ 
corporate  keying  systems  which  do  not 


Wilco  silver  steel  laminated  contacts  are  made  in  a 
variety  of  diameters — we  are  equipped  to  do  projec¬ 
tion  welding  for  you — send  for  special  bulletin. 


•  With  Wilco  laminated  contact  materials  it  is  possible  to  reduce  the  amount  of 
precious ‘metal,  to  a  minimum.  In  addition  to  actual  savings  on  contact  costs, 
many  manufacturers  have  been  able  to  reduce  assembly  costs.  Here’s  why.  With 
Wilco  Inlay  and  Overlay  materials  it  is  possible  to  design  specially  shaped  con¬ 
tacts  that  become  an  integral  part  of  the  contact  mechanism — thus  reducing  parts. 
Wilco  silver  steel  laminated  contacts  eliminate  riveting  because  they  are  perma¬ 
nently  welded  to  their  supporting  arm.  If  you 
will  send  blueprints  and  indicate  the  quantity, 
we  will  be  glad  to  furnish  a  quotation. 


the  H.  a.  WILSON  CO 


105, .CHESTNUT  STREET,  NEWARK,  N.  J. 

BRANCH  OFFICES  •  CHICAGO,  ILL.  •  DETROIT,  MICH.  ‘ 
Refiners  and  Workers  of  Platinum,  Gold  and  Silver 
Precious  Metal  Contacts  •  Wilco  Thermometals  '  Ihermostatic  Bi-metals 


Keying  in  the  grid  circuit  oi  power  tube 


use  relays.  The  circuit  shown  can  be 
used  in  most  cases  with  very  little 
change  in  the  equipment  used.  In  the 
first  circuit,  because  of  the  high  volt¬ 
ages  involved,  a  separate  filament 
transformer  is  usually  necessary  for 
the  keying  tube,  but  when  the  grid 
circuit  is  keyed,  a  case  that  is  rather 
difficult  to  monitor  in  any  other  simple 
manner,  the  second  circuit  proved  out 
admirably. 
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Nothing  is  skimped  in  the  manufacture  of  Erie  Insulated 
Resistors.  Only  the  finest  raw  materials  that  are  so  essen¬ 
tial  for  efficient  operation  are  used.  Even  in  the  face  of 
rising  production  costs  cheaper  substitutes  that  are  "almost 
as  good"  don’t  find  their  way  into  Erie  Resistors. 

That’s  why  their  performance  has  been  steadily  im¬ 
proved  through  the  years.  That’s  why  today  they  give 
unparalled  all-round  balanced  performance.  That’s  why 
you  will  find  them  used  by  those  manufacturers  who  recog¬ 
nize  the  advantages  of  using  only  quality  component  parts. 

ERIE  RESISTOR  CORPORATION 

Toronto,  Canada  ERIE,  PENNA.  London,  England 

ResistorSf  Suppressors,  Ceramicon  Condensers,  Injection  M.olded  Plastics 
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NOISE  TESTED 


Audio  Transformers  Sealed  in 
Aluminum  Cans 

By  Reuben  Lee 

We»tinffhou»e  A'Irr.  if  W/f/.  Co. 

Chicopee  Falls,  Muss. 

The  old  difficulty  of  protecting 
small  transformers  against  tropical 
humidity  conditions  recently  has  been 
solved  by  the  use  of  the  familiar  alu¬ 
minum  condenser  can.  Obvious  advan¬ 
tages  of  this  type  of  can  are:  There 
is  only  one  joint  to  seal,  the  can  is  very 
light,  and  it  is  inexpensive  because  of 
the  enormous  quantities  used  in  con¬ 
denser  manufacture.  This  method  is 
one  of  the  unusual  cases  where  a  better 
product  turns  out  to  be  easier  to  make, 
once  the  proper  manufacturing  facili¬ 
ties  are  set  up. 

The  principal  parts  of  such  a  trans¬ 
former  are  displayed  in  the  figure:  the 
can,  gasket  and  electrical  parts  unit. 
Some  care  naturally  has  to  be  given  to 
these  constituents.  The  gasket  mate¬ 
rial  is  a  cork  and  synthetic  rubber 
compound,  providing  strength  and  sus¬ 
tained  resilience.  The  terminal  board 
is  made  of  a  non-hygroscopic  ceramic, 
and  the  terminals  must  be  very  care¬ 
fully  soldered  to  avoid  blow  holes.  All 
terminals  are  sealed  by  individual  gas¬ 
kets  and  special  non-absorbent  varnish 
filler.  By  mounting  the  terminal  board 
on  the  core  before  the  complete  assem¬ 
bly  is  done,  manufacture  is  much  facili¬ 
tated.  The  electrical  parts  unit  is 
dropped  into  the  can,  the  terminal 
board  resting  on  the  formed  ledge. 
After  being  coated  with  varnish  filler. 


...  1,000  OHMS  TO 
1,000,000  MEGOHMS 

•  NOISELESS  in  operation 

•  MOISTURE-PROOF  material 


among  the  USEa= 

R.dio 

Hr  A  Manufacturing 

GniCT*'  &  Mff-  Co- 

1  MoUture  G.U6'-. 


•  STRONG  and  DURABLE 


WRITE  FOR  LITERATURE 


At  slight  additional  rust,  resistors  will 
be  supplied  individually  "noise -tested" 
to  this  specification:  "For  the  complete 
audio  frequency  range,  resistors  shall 
have  less  noise  than  corresponds  to  1 
part  in  1,000,000."  (For  values  up  to 
10  megohms) 


The  S.  S.  WHITE  Dental  Mlg.  Co.  INDUSTRIAL  DIVISION 

10  East  40th  Street,  Room  2310E,  New  York,  N.  Y. 


fouY  Panels 


Sensitive  and  Ultra-Sensitive  Indi¬ 
cating  Instruments.  D.C.,  Moving 
Coil  .  .  .  A.C.  the  Repulsion  Type. 
Now  available 
with  front  or  rear 
illumination.  W  « 


Dress  Up 
Your 
Panels 


Shield  con  and 
transformer 


the  gasket  is  placed  on  t.ne  terminal 
board,  and  the  transformer  is  ready  for 
spinning. 

Spinning  the  top  of  the  can  likewise 
calls  for  some  care.  It  must  be  uni¬ 
formly  done,  else  the  can  or  the  ter¬ 
minal  board  will  crack.  The  edge  of 
the  can  must  penetrate  the  gasket 
without  mutilating  it,  and  must  pene¬ 
trate  evenly  to  produce  a'  tight  seal. 
This  difficult  operation  is  performed 
readily  by  using  a  drill  press  fixture 
having  adjutable  rollers,  which  rounds 
the  edges  of  the  can  down  the  requisite 
amount  with  but  slight  pressure  from 
the  operator’s  hand. 

After  spinning,  the  seal  is  given  a 
final  coat  of  varnish  and  the  trans¬ 
former  is  baked  to  drive  off  the  sol¬ 
vent  in  the  seal.  Samples  are  sub¬ 
jected  to  a  severe  cyclic  humidity  test, 
and  no  failures  traceable  to  the  seal 
have  occurred. 


Specify  Tripifttt  for 
tho  finait,  most 
up -to- data  instru- 
mants  in  appaar- 
anca,  parformanca 
and  aconomy. 


Model  S26-A 


Model  327 


TRIPLEH  INSTRUMENTS 
ARE  NOTED  FOR 
HIGHEST  LOW 

QUALITY  COST 


Other  standard  types  available  include  Round  Casas — 2",  3"  and 
5"  Silas;  Fan  Type  Casas — 4"  x  4%"  overall  case  size;  Twin  Casa 
(2  instruments  in  one  casa)  3%"  x  S'/z";  Portables — 3"  and  5" 
sizes.  Front  illumination  can  bo  supplied  for  all  3"  and  5"  Round 
without  any  change  in  casa  of  instrument. 


The  Triplett  Electrical  Instrument  Company 
2312  Harmon  Ave.,  Bluffton,  Ohio 

Please  send  mo  more  information  on  Triplett 
Models . 


Address 
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INSUUTING  MRTS  OF  FORMICA 


rORMICA  grades  are  available  for  all  the 
*  different  uses  for  which  laminated  phenolic 
insulation  is  employed.  Formica  is  used  in  large 
and  small  parts  in  a  great  variety  of  machinery 
and  devices.  It  has  been  used  by  some  of  the 
leading  American  electrical  organizations  for 


nearly  25  years  ...  A  large  factory  is  specialized 
on  just  this  one  product  with  a  large  ^nd  com¬ 
petently  manned  laboratory  In  control.  Special 
variants  of  regular  grades  can  often  be  de¬ 
veloped  where  volume  justifies  it  .  .  .  Send  us 
your  inquiries  or  your  blue  prints  for  quotation. 


THE  FORMICA  INSULATION  CO.,  4638  SPRING  GROVE  AVE.,  CINCINNATI,  OHIO 
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Transmission  Measuring 
System 

In  the  July  1937  issue  of  the  Journal 
of  the  Society  of  Motion  Picture  Engi¬ 
neers,  W.  W.  Lindsay,  Jr.,  describes 
a  “Transmission  Measuring  System 
Utilizing  a  Graphic  Recording  Meter.” 
The  equipment  described  may  be  used 
to  make  gain-frequency  runs  on  com¬ 
munication  equipment,  as  a  recording 
microdensitometer,  a  recording  vol¬ 
ume  indicator  or  for  making  records 
for  various  transient  phenomena.  The 
output  of  the  pick-up  is  sufficient  to 
operate  a  5  milliampere  Esterline 
Angfus  recording  meter. 

In  order  to  obtain  the  logarithmic 
response  connecting  the  input  and  out¬ 
put  of  the  system,  the  author  has  de¬ 
veloped  the  simple  circuit  shown.  This 
circuit  requires  the  use  of  a  special 
triode  in  which  the  plate  current  and 
grrid  bias  bear  a  logarithmic  relation 
to  one  another.  The  author  indicates 
that  the  usual  variable  m  or  exponential 
control  types  of  tube  do  not  follow 
this  characteristic  accurately  or  over 
a  sufficient  range  to  be  of  much  value. 
Essentially,  the  circuit  consists  of  a 
push-pull  class  A  amplifier  which  ter¬ 
minates  in  a  full-wave  linear  rectifier. 
Linearity  of  the  rectifier  characteris¬ 
tics  is  assured  by  making  the  external 
load  resistance  larg^e  compared  with  the 
tube  conductance.  The  negative  bias 
voltage  produced  as  a  result  of  signal 
rectification  is  applied  to  the  grid  of 
the  triode.  With  this  arrangement 


the  plate  current  of  the  special  triode 
is  a  logarithmic  function  of  the  sigpial 
voltagre  applied  to  the  class  A  push-pull 
amplifier. 

The  power  range  of  this  system  is 
limited  by  the  ability  of  the  class  A 
amplifier  to  supply  signal  voltage  to 


Schematic  wiring  diagram  of  the  re¬ 
cording  transmission  system 


the  rectifier  without  overloading.  It 
is  also  limited  by  the  tube  parameters 
of  showing  the  special  logarithmic  tri¬ 
ode.  The  author  shows  a  curve  in 
which  a  range  of  40  decibels  has  been 
obtained.  It  should  be  possible  to  ex¬ 
tend  this  range  considerably  through 
the  use  of  several  similar  cascaded 
stages.  The  reader  should  also  con¬ 
sult  F.  V.  Hunt,  Rev.  Set.  Instruments, 
December,  1933. 


Compensating  Circuit  for 
Blocking-Layer  Photoelectric 
Cells 

A  COMPENSATING  circuit  comprising 
two  blocking-layer  photoelectric  cells 
in  a  parallel  combination  with  gal¬ 
vanometer  and  voltage  dividing  rheo¬ 
stat  is  described  by  Brooks  A.  Brice  in 
the  August  issue  of  the  Review  of  Sci¬ 
entific  Instruments.  Analysis  of  the 
compensating  circuit  shows  that  a  uni¬ 
form  scale  attached  to  the  rheostat 
may  be  used  to  indicate  transmission 
of  light  by  a  sample  if  the  resistance 
of  the  potentiometer  and  series  inter¬ 
nal  resistance  of  the  cells  are  small  in 
comparison  with  the  parallel  internal 
resistance  of  the  photoelectric  cell. 
With  moderate  illumination  on  the 
photoelectric  cells  and  using  a  50-ohm 
potentiometer  rheostat,  carrying  the 
scale  from  50  to  100,  errors  in  indicat¬ 
ing  transmission  are  believed  to  be  not 
greater  than  ±  0.1  on  this  scale. 


Listing  of  Cathode  Ray  Tubes 

An  interesting  and  useful  listing  of 
commercial  cathode  ray  tubes  is  given 
by  Ralph  R.  Batcher  in  the  October 
issue  of  Instruments.  This  list  gives 
characteristics  on  about  40  vacuum  and 
gas  type  cathode  ray  tubes  made  by 
DuMont,  General  Electric,  General 
Radio,  Hygrade  Sylvania,  National 
Union,  Radiotron  Division  of  RCA, 
Western  Electric  and  Westinghouse. 


Recording  Resistance  Welder 


IContinued  from  page  17] 

by  the  application  of  voltage  to  the 
reactance  of  the  secondary  in  ad¬ 
vance  of  the  power-factor  angle,  and 
the  reduction  of  secondary  current  on 
the  positive  half-cycles  caused  by 
internal  voltage  drop  due  to  the  ex¬ 
citing  current  transient. 

The  pick-up  coil  method  may  be 
further  simplified  by  eliminating  the 
air-core  coil  and  using  the  reactor  L 
as  both  pick-up  coil  and  reactor. 
Figure  6  shows  an  oscillogram  of 
this  method  of  recording,  and  Fig.  2 
shows  the  diagram  of  connections. 
Vibrator  V*  on  the  secondary  of  a 
current  transformer  was  added  to 
compare  the  three  methods  of  re¬ 
cording.  The  shunt  across  Vi  is  a 
25-ampere  oscillograph  shunt,  that 
across  V„  a  1-ampere  shunt  on  the 
secondary  of  a  100:1  current  trans¬ 
former,  and  the  pick-up  reactor  L  is 
a  type  9XD-83A1  reactor  manufac¬ 
tured  by  the  General  Electric  Com¬ 
pany.  The  reactor  must  be  placed 
relative  to  the  secondary  circuit  of 


the  welder  so  that  the  current  flow¬ 
ing  in  the  vibrator  shunting  the  re¬ 
actor  is  just  sufficient  for  a  good 
deflection.  Too  strong  a  field  will 
saturate  the  iron  of  the  reactor  and 
cause  distortion  in  the  recording. 
This  is  a  disadvantage  when  used 
on  a  welder  having  a  wide  range  of 
operating  currents  as  the  reactor 
position  must  be  shifted  to  cover  the 
range  without  introducing  distor¬ 
tions  from  saturation.  However,  if 
the  reactor  is  mounted  so  as  to  per¬ 
mit  rotation  through  a  90  degree  arc, 
this  method  of  pick-up  will  cover  a 
large  range  of  currents. 

Application  of  Pick-up  Coil  Method 

Since  the  calibration  of  the  pick¬ 
up  coil  method  depends  upon  the 
mutual  inductance  between  the  sec¬ 
ondary  circuit  and  the  pick-up  coil, 
it  is  necessary  to  calibrate  the  equip¬ 
ment  after  it  is  attached  to  the 
welder..  The  secondary  current  at 
low  heats,  with  the  electrodes 
shorted,  may  be  fairly  accurately  de¬ 
termined  by  multiplying  the  steady- 


state  primary  current  by  the  turns 
ratio  of  the  welder  transformer  for 
the  corresponding  heat  setting.  A 
measurement  of  the  oscillograph  de¬ 
flection  for  a  known  secondary  cur¬ 
rent  provides  a  reasonably  accurate 
over-all  calibration.  A  tapped  pick¬ 
up  coil  provides  a  convenient  means 
for  varying  the  calibration  to  suit 
the  different  operating  currents  of 
the  various  welder  sizes.  Figure  5 
shows  such  a  coil  in  position  on  150- 
kva  welder.  The  coil  consists  of  800 
turns  of  No.  25  enameled  wire  wound 
on  a  2-inch  diameter  tube  3  inches 
long  and  tapped  at  200  and  400  turns. 
The  reactor  used  in  series  with  the 
vibrator  and  coil  was  the  General 
Electric  type  9XD-83A1.  This  reac¬ 
tor  is  rated  one  henry  with  0.3 
ampere  d.c.  through  the  winding 
and  weighs  about  one  pound.  The 
pickup  coil  described  above  weighs 
about  ten  ounces  so  the  entire  acces¬ 
sory  equipment  for  a  PM12  oscillo¬ 
graph  weighs  about  one-fifth  that  of 
*  a  standard  500-ampere  “clamp-on” 
current  transformer. 
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STATION  LOCATION  TOWER  HEIGHT 


WOOD  ....  Chattanooga,  Tenn . 

WADC . Akron,  Ohio . 

WLW  .....  Cincinnati,  Ohio  (2  towers)  .  . 

WDGY  ....  Minneapolis,  Minn . 

KGHL . Billings,  Mont . 

WSVA . Harrisonburg,  Va . 

WTMV  .  ,  ,  .  E.  St.  Louis,  111 . 

WMFE . New  Britain,  Conn . 

KTRH . Houston,  Texas . 

WBNX  ....  Cliffside,  N.  J.  (2  towers)  .  . 

WIS . Columbia,  S.  C . 

WIS . Columbia,  S.  C . 

WOKO  ....  Albany.  N.  Y . 

WGAR . Cleveland,  Ohio . 

WCOP . Boston,  Mass . 

WELI . New  Haven,  Conn . 

WIAX . lacksonville,  Fla . 

WEMP  ....  Milwaukee,  Wise . 

WMD . Mooseheart,  Wise . 

WREC . Memphis,  Tenn.  (2  towers)  .  . 

KOMO  ....  Seattle,  Wash . 

KFBK . Sacramento,  Calif . 

WDRC  ....  Hartford,  Conn . 

WFBC . Greenville,  S.  C . 

KBTM  ....  Jonesboro,  Ark . 

WIBA . Madison,  Wise . 

WIBA . Madison,  Wise.  (2  towers)  .  . 

WTAQ-WHBY  Green  Bay,  Wise.  (4  towers)  .  , 

WDAc  ....  Tampa.  Florida . 

WFMD  ....  Frederick.  Md . 

WSAI . Cincinnati,  Ohio . 

WHBL  ....  Sheboygan.  Wise . 

Canton.  China . 

WSPR . Springfield,  Mass . 

KFEL . Denver,  Colo . 

WROK  ....  Rockford.  Ill . 

WAAF  ....  Chicago.  Ill . 

WCLO  ....  Janesville,  Wise . 

WSIX . Nashville,  Tenn . 

KFPY . Spokane.  Wash . 

WSBC . Chicago.  Ill . 

WTRC  ....  Elkhart,  Ind . 

Tallin.  Esthonia . 

WKY . Oklahoma  City.  Okla . 

KM  A . Shenandoah.  Iowa . 

KWYO  ....  Sheridan,  Wyo . 

KRSC . Seattle.  Wash . 

WNBF  ....  Binghamton,  N.  Y . 

WORL  ....  Boston,  Mass . 

WCBM  ....  Baltimore.  Md . 

KLRA  ......  Little  Rock.  Ark . 

KVI . Tacoma.  Wash . 

KID . Idaho  Falls.  Idaho . 

WGRC  ....  New  Albany.  Ind . 

WIRE . Indianapolis,  Ind.  (2  towers)  . 

WTAD  ....  Quincy,  III . 

WDWS  ....  Campaign,  III . 

KOBH . Rapid  Citv.  S.  D . 

WILL . ITrbana.  III.  (2  towers)  .  .  .  . 

WEEI . Boston,  Mass.  (2  towers)  .  .  . 


320’ 

350- 

322* 

184* 

558‘ 

182’ 

154‘ 

185* 

375‘ 

235' 

352' 

260* 

180' 

374' 

227' 

281* 

281' 

173' 

281' 

410' 

570' 

334' 

308' 

375' 

189' 

430' 

195' 

196' 

238' 

257* 

225' 

285' 

622' 

222' 

285* 

238' 

231' 

259' 

195' 

466' 

195' 

174* 

645' 

285' 

488* 

187* 

218' 

227’ 

308' 

231* 

300' 

444' 

3.30' 

231' 

3.30' 

280* 

152' 

174' 

333' 

364* 


POLICE  TOWERS 


mingham.  Mass.  State  Police  220' 

WQPS . Springfield,  III.  State  Police  .  338' 

WQPC  ....  Cnicago,  III.  State  Police  .  .  .  338' 

WOPP  ....  Pontiac.  III.  State  Police  .  .  .  338' 

PG  ....  Sterling.  III.  State  Police  .  .  .  338' 

PM  ....  Macomb,  111.  State  Police  .  .  .  338' 

PD  ....  Duquoin,  111.  State  Police  .  .  .  338' 

PF  ....  Effingham,  III.  State  Police  .  .  338' 

'D . Atlantic,  Iowa  State  Police  .  .  227' 

KACC . Fairfield.  Iowa  State  Police  .  .  227* 

W9xHG  ....  Terre  Haute,  Ind.  City  P.  D.  .  154’ 

Boston,  Mass.  City  P.  (3  towers)  1 32' 
Oregon  State  P.  D.  (8  towers)  120' 
Dept,  of  Commerce  Lighthouse 

Service,  New  York  ....  125' 
Montgomery,  Ala.  Police  Dept.  95' 


ERECTED  IN  1937 


WHDL  ....  Clean,  N.  Y . 

KDKA  ....  Pittsburgh,  Pa . 

KFEQ . St.  Joseph.  Mo . 

WFOV  ....  St.  Augustine,  Fla . 

WSMB . Algiers,  La . 

KGLO . Mason  City.  Iowa . 

WRBL  ....  Columbus.  Ga . 

KRNT . Des  Moines,  Iowa  (2  towers)  . 

WGR-WKBW  Buffalo.  N.  Y . 

WCAX  ....  Burlington,  Vt . 

WXYZ  ....  Detroit,  Mich . 

WATL  ....  Atlanta.  Ga . 

KGW . Portland,  Ore . 

KOIL . Council  Bluffs,  Iowa . 

KSFO . San  Francisco,  Cal . 

KSRO . Santa  Rosa.  Cal . 

WKBN  ....  Youngstown,  Ohio  . 

WEDC  ....  Chicago.  Ill . 

KPQ . Wenatchee,  Wash . 

WIND . Gary,  Ind . 

WAGA  ....  Atlanta,  Ga . 


308' 

710' 

330' 

200* 

375’ 

290’ 

210' 

194' 

400' 

250' 

277' 

154’ 

625' 

308' 

350' 

190' 

344' 

210' 

174' 

359' 

375' 


STATION  LOCATION  TOWER  HEIGHT 

WCBD  ....  Elmhurst.  Ill . 410' 

KPFA . Helena,  Mont . 160' 

WICA . Ashtabula,  Ohio . 217' 

WJDX  ....  Jackson,  Miss .  340' 

KICA . Clovis,  New  Mexico . 179' 

WCOC . Meridian,  Miss .  273’ 

WOAl . San  Antonio,  Texas . 42V 

WRC . Washington,  D.  C .  400' 

KG  VO . Missouli,  Mont .  220' 

WOMI . Owensboro.  Ky . 185' 

KOTN  ....  Pine  Bluff.  Ark . 154’ 

KFYR . Bismarck,  N.  Dakota .  700’ 

POLICE  TOWERS 

WPEW  ....  Northampton,  Mass.  State  Pol.  218' 

KGHO  ....  Dies  Moines,  Iowa  Bur. of  Invest.  227’ 

KNFN  ....  Cedar  Falls,  Iowa  Bur.  of  Invest.  135’ 

Niagara  Falls,  N.  Y . 110’ 

Tampa,  Fla.  Police  Dept.  .  .  .  94' 

WMDZ  ....  Indianapolis  Police  Dept.  ...  215' 

WPDK  ....  Milwaukee  Police  Dept .  225’ 

WPEC . Memphis  Police  Dept . 218' 


AND  THE  LIST 


GROWS  LONGER 


Which  indicates  that  Truscon  Vertical 
Radiators  are  gaining  rapid  acceptance 
through  their  proved  ability  to  increase 
a  station’s  primary  and  secondary  ser¬ 
vice  areas  with  no  increase  of  power 
input;  to  increase  signal  strength;  to 
increase  fading  free  area;  to  maintain 
consistently  the  efficiency  of  directional 
systems;  to  maintain  highest  effective 
radiation;  to  reduce  the  interruption 
hazard  because  of  maximum  structural 
stability;  and  to  accomplish  various 
additional  commercial  and  engineer¬ 
ing  advantages. 


Truscon  Vertical  Radiators  are  eco¬ 
nomically  designed  and  structurally 
sound  . . .  capable  of  resisting  terrific 
wind  pressures  of  hurricane  intensity. 
They  are  available  up  to  five  eighths 
wave  lengths,  either  uniform  cross  sec¬ 
tion  guyed  or  of  narrow  base  self-sup¬ 
porting  type,  throughout  the  complete 
range  of  broadcasting  frequencies. 


TRUSCON  STEEL  GO. 
YOUNGSTOWN,  OHIO 


■i 
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THE  ELECTRON  ART 

ACH  monUi  the  world's  technical  literature  is  scanned  to 
see  what  physicists  and  engineers  are  doing  with  tubes,  for 
presentation  in  tahloid  form  to  Electronics'  readers. 


French  Push  Button 
Radio  Receiver 

Although  push  button  tuning  is 
one  of  the  features  brought  out  this 
year  by  American  radio  manufac¬ 
turers,  push  button  tuning  has  also 
received  considerable  attention  in 
Europe. 

Shown  in  the  accompanying  photo¬ 
graphs  are  views  of  the  Coppelia  auto¬ 
matic  receiver  of  Electro-Construction 
S.A.,  at  Strasbourg.  Introduced  in 
1936,  this  receiver  makes  provision  for 
automatic  tuning  of  up  to  150  sta¬ 
tions  by  pressing  down  not  more  than 
two  keys,  one  in  each  column.  Selec¬ 
tion  of  the  correct  wave  band  is  at¬ 
tained  by  pressing  down  the  keys 
A,  B,  C,  or  D,  these  four  keys  permit¬ 
ting  the  user  to  select  five  wave  bands. 

Advantages  claimed  for  this  French 
receiver  are  that  selection  is  noiseless, 
stations  can  be  identified  easily  at  all 
times,  the  selector  scheme  used  is 
stable  and  will  withstand  shipment, 
and  finally  no  relays  or  motors  are 
employed. 

The  construction  of  the  automatic 
selector  is  relatively  simple.  Only 
eight  fixed  capacitors  are  necessary 


Pcmal  of  Fronch  push  button  tuned 
radio  rocoivor  showing  tho  two  rows 
of  buttons  by  which  stations  may  bo 
soloctod.  Tho  four  hoys  at  tho  bottom, 
soloct  tho  woTO  bond 


for  each  variable  tuned  circuit  for 
station  selection.  In  one  of  the  photos 
showing  the  interior  construction  of 
the  coil  of  the  station  selector  unit, 
the  first  column  of  units  nearest  the 
push  button  are  the  oscillator  coils  and 
condensers.  The  corresponding  elements 
for  the  high  frequency  amplifier  are 
in  the  middle  column,  whereas  those 


Interior  of  the  push  button  tuning  as¬ 
semble  showing  the  coils,  condensers, 
and  trimmers 


for  the  antenna  circuit  are  at  the 
column  at  the  right.  The  coils  are 
shown  at  the  bottom  of  the  illustra¬ 
tion  whereas  the  adjustable  condensers 
are  shown  as  the  upper  six  adjustments 
in  each  column. 

In  operation,  the  time  required  to 
select  a  station  is  less  than  one  sec¬ 
ond  and  as  soon  as  the  station  has 
been  selected,  broadcast  reception  is 
instantaneous.  The  station  selected 
can  be  identified  at  all  times,  the  sys¬ 
tem  can  be  used  for  remote  control, 
and  a  change  of  the  station  wave 
length  necessitates  only  an  exchange 
of  the  scale  without  any  technical 
manipulation.  A  supplementary  code 
will  serve  to  find  broadcasting  sta¬ 
tions  which  are  not  indicated  on  the 
main  scale  as  well  as'  newly  constructed 
stations. 


Production  of 
Millimeter  Waves 

Experimental  methods  of  production 
and  applications  of  electromagnetic 
waves  in  the  millimeter  region  are 
described  by  Neil  H.  Williams  in  the 
October  issue  of  the  Journal  of  Applied 
Physics. 

One  of  the  significant  features  of 
the  work  on  short  electromagnetic 
waves  and  described  by  Williams  in 
his  article  “Production  and  Absorption 
of  Electromagnetic  Waves  from  3  cm. 
to  6  mm.  in  Length”  is  that  it  opens 
a  new  region  of  the  spectrum  for 
quantitative  study.  It  is  pointed  out 
that  this  region  is  not  likely  to  be  a 
very  exciting  one  since,  because  it 
falls  between  that  of  the  shorter 
electric  wave  and  the  longer  heat  wave, 
its  properties  may  be  estimated  by 
interpolation. 

For  the  production  of  these  milli¬ 
meter  waves,  magnetrons  are  used. 
Depending  upon  the  wave  length  to 
be  produced,  the  anode  voltage  varies 
from  800  to  1,400  volts.  The  magnetic 
field  surrounding  the  tubes  is  adjusted 
almost  to  cut-off  so  that  an  increase 
of  the  potential  of  one-half  of  the 
anode  will  cause  the  electron  stream 
to  be  deflected  to  that  half.  The  poten¬ 
tial  of  the  T>ther  half  of  the  anode  is 
thereby  reduced  and  the  electrons  are 
sent  to  the  other  half.  Oscillations  may 
thereby  be  set  up  whose  frequency  is 
dependent  upon  the  time  of  flight  of 
electrons  between  the  two  halves  of 
the  anode  and  the  LC  constants  of  the 
tuned  circuit  attached  to  the  tube. 

In  the  magnetron  used  for  produc¬ 
tion  of  the  shortest  waves,  the  radius 
of  the  anode  is  only  two-tenths  of  a 
millimeter  and  the  Lecher  system  at¬ 
tached  to  it  is  less  than  4  mm.  in 
length. 


Phonograph-radio  combination  with 
"ca^  rogistor"  push  button  tuning 
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Size  is  an  indication  of  something 

1 

important  to  you  as  a  buyer  of  radio 
components.  However,  we  take  far 
more  pride  in  Sprague’s  consistent 
record  of  engineering  supremacy  than 
in,  the  world’s  largest  condenser  factory 
which  came  as  its  natural  result.^ 


/ 


GOOD  GONDENStRS-EXPIRTLY  ENGINEERED 
COMPETENTLY  PRODUCED 


SPRAGUE  SPECIAITIES  COMPANY,  NORTH  ADAMS,  MASS 
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Optical 

Axis 


For  operation  at  room  temperature, 
the  angle  of  cutting  for  the  CT  plate 
should  be  +37*30'  with  respect  to  the 
Z  axis.  With  this  type  of  cut  the  fre¬ 
quency  will  be  maintained  to  within 
one  part  in  a  million  of  the  desired 
value  for  a  variation  in  temperature 
of  from  20*  C.  to  30®  C.  Even  less 
frequency  variation  occurs  for  the 
type  DT  cut. 

The  article  concludes  with  a  graph 
which  shows  that  the  temperature  is 
maintained  to  within  one  part  in  a 
million  for  the  CT  cut  plate  with  an 
operating  temperature  of  25°  ±  6*  C. 
For  the  CT  cut  plate,  the  frequency 
change  is  considerably  less  than  one 
part  in  a  million  for  any  normal  volt¬ 
age  variations  which  are  likely  to  be 
encountered.  A  change  of  frequency 
of  one  part  in  a  million  may  result 
from  a  15  per  cent  change  in  the  feed¬ 
back  capacity,  or  by  a  17  per  cent 
change  in  the  reaction  of  the  plate 
circuit. 

The  net  result  is  that  the  new  type 
of  plate  can  be  used  as  a  sub-standard 
without  requiring  the  elaborate  voltage 
compensating  and  temperature  regu¬ 
lating  devices  which  have  been  stand¬ 
ard  equipment  on  most  of  the  better 
crystal  control  frequency  standard  in¬ 
stallations. 


Standard  Frequency 
Quartz  Plates 

Ever  since  the  fundamental  work  of 
Cady,  Pierce  and  Miller  in  applying 
quarte  crystals  to  stabilize  the  fre¬ 
quency  of  vacuum  tube  oscillator,  the 
search  for  improved  frequency  stability 
has  continued.  In  an  article  “Quartz 
Plate  for  Frequency  Sub-Standards,” 
F.  C.  Hight  describes  some  new  ex¬ 
periment  in  the  September  issue  of  the 
Bell  Laboratories  Record. 


Orientation  of  zero  temperature-coeffi¬ 
cient  quartz  plates 


Nine  Audio  Channels  on 
Single  Carrier  in  Scotch- 
Irish  Telephone  Circuit 

Making  use  of  the  ability  of  ultra  high 
frequency  transmitters  to  modulate 
over  a  wide  band  of  frequencies,  engi¬ 
neers  of  the  British  Post  Office  have 
recently  put  in  service  an  ultra  high 
frequency  radio  link  between  Belfast, 
Ireland  and  Stranraer,  Scotland  which 
transmits  nine  telephone  conversations 
simultaneously  over  a  single  carrier. 
The  main  carrier  operates  on  a  fre¬ 
quency  of  76  megacycles.  This  carrier 
is  modulated  over  a  side  band  150  kc. 
wide.  Each  side  band  is  divided  into 
nine  channel  frequencies  separated  by 
15  kc.  Each  of  these  channel  fre¬ 
quencies  is  in  turn  modulated  at  audio 
frequency  (maximum  frequency  about 
3,000  cycles).  The  system  in  effect  em¬ 
ploys  double  modulation,  the  main  car¬ 
rier  being  modulated  by  a  system  of 
“channel  frequencies”  which  in  turn 
are  modulated  at  audio  frequencies. 

The  receiver,  of  the  superheterodyne 
type,  employs  a  bank  of  nine  selecting 
circuits  operating  as  band-pass  filters 
to  separate  the  individual  channel  fre¬ 
quencies,  which  are  then  detected  and 
delivered  to  the  nine  audio  channels. 
Both  the  transmitter  and  the  receiver 
are  crystal  controlled  to  maintain  the 
necessary  constancy  of  frequency.  For 
the  reverse-direction  circuit  the  nine 
channels  are  transmitted  on  a  carrier 
frequency  of  approximately  83  mega¬ 
cycles.  The  transmitted  and  received 
waves  are  polarized  at  right  angles  to 
each  other,  to  minimize  mutual  inter- 


Developed  for  use  at  frequencies 
lower  than  the  common  broadcast  spec¬ 
trum,  the  new  CF  and  DF  cut  crystals 
developed  by  the  Bell  Laboratories  have 
several  advantages  over  former  cuts. 
The  frequency  of  these  new  quartz 
plates  may  be  either  raised  or  lowered 
by  simple  abrasion  and  the  tempera¬ 
ture  coefficient  may  be  changed  either 
positive  or  negative  by  abrading  the 
faces  so  as  to  alter  effectively  the  ori¬ 
entation  of  the  cut  a  slight  amount 
with  regard  to  the  crystal  axis.  These 
two  adjustments  enable  a  plate  to  be 
precisely  adjusted  to  frequency,  so  that 
slight  errors  in  large  scale  production 
methods  may  be  counteracted  if  neces¬ 
sary. 


Dates 


AEROVOX  rzMarch,  an- 
qinaarin^  and  produc¬ 
tion  facilitiat — probably 
unaxcallad  in  this  indus¬ 
try  —  ara  closaly  intar- 
lockad  for  just  o  n  a 
purposa:  to  maat  your 
most  critical  spacifica- 
tions  and  dalivary  datas. 
So  nama  your  condansar 
naads.  Wa  shall  maat 
tham— and  on  tima. 


Cry»+«1  Tempemrture 
in  Degrees  Centigrade 


CORPORATION 


Stability  with  voriotioxu  in  (1)  iood- 
back,  (2)  plot*  reactonc*  or  (3)  oppliod 
Toltaqo 
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YOUR  FINAL 
cl?  AN  C  E 


Don't 
delay 
further 
Send  YOUR 
order 
in  NOW 


Because  orders  for  the  1937  set  of  electronic  charts  were  con¬ 
tinually  arriving  in  large  numbers  we  hove  postponed  the 
publication  date  to  December  20th. 

If  YOU  have  not  already  placed  your  order,  do  so  NOW  because 
sets  will  be  printed  for  only  the  number  of  orders  on  hand. 

Electronics  Yearly  Service  was  inaugurated  at  the  request  of 
subscribers  for  on  opportunity  to  secure  an  extra  set  of  the 
Reference  Sheets  that  had  appeared  in  all  the  issues  during 
the  current  year.  These  will  be  printed  on  heavy  stock,  punched 
and  ready  for  insertion  in  the  notebook.  Only  bona  fide  sub¬ 
scribers  as  of  publication  date  are  entitled  to  secure  this  extra 
service. 

The  1937  set  will  consist  of  21  pages  with  the  following  Reference 
Sheets:  Solenoid  Inductance  Chart  —  Resistance-Amplifier 
Data  —  Resistance  Values  for  Multiple-Circuit  Pads — Electronic 
Engineers'  Library  —  Slide-rule  Impedance  Calculations  —  Uni¬ 
versal  Amplification  Charts  —  Mutual  Inductance  Chart  — 
Nuclear  Physics  Chart  —  Television  Terms  —  Condenser  Dis¬ 
charge  Chart  —  Bars  Compensation  Design  Chart  —  Class  B  R-F 
Amplifier  Chart  —  Allocation  in  the  Ultra-high  Spectrum. 

The  cost  is  only  $1.00  plus  a  small  delivery  charge  —  If  you  send 
payment  with  your  order  —  eliminating  bookkeeping  and  col¬ 
lection  expense  —  we  will  pay  delivery  charge. 

This  is  the  ONLY  opportimity  you  will  hove  to  obtain  a  complete 
set  of  1937  charts.  We  will  not  be  able  to  fill  orders  after 
publication  dote. 


THIS  IS  YOUR  LAST  CHANCE 


This  coupon  is  for  your  convenience. 
Use  it — or  a  postcard  mailed  NOW 
will  insure  you  of  a  complete  1937 
set  of  charts.  You  can't  afford  to 
delay. 


I - 

I  Enter  my  order  ior  a  complete  set  of  1937  Electronics  Reference  Sheets  for  $1.00, 
I  □  Here  is  my  check.  Send  sheets  postpaid. 

I  □  Bill  me  $1.00  plus  small  delieery  charge. 

I  Nome . 

,  Address . 


City 


State 
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A  piano  has  18,000  parts  —  more 
than  three  times  as  many  as  are 
incorporated  in  an  automobile.  It 
contains  9,000  pieces  of  wood. 
The  action  requires  5,648  separate 
pieces. 


ly 


o 

That  is  a  Complicated  Job! 


Here  is  a  simple  one! 


The  electronics  field  has  six  major  divisions,  namely: 
1.  The  Radio  Industry  —  2.  Broadcasting  and  Com¬ 
munication —  3.  The  Sound  Industry  —  4.  Industrial 
Manufacturers  —  5.  Klectrical  Manufacturers  —  6, 
Electrical  and  Testing  Laboratories. 

These  six  major  divisions  are  divided  into  16  im¬ 
portant  groups,  namely :  M(tunfttctNre  ( I )  of  home 
and  auto  radio,  facsimile,  television,  phonograph  — 
(2)  of  commercial  communication  equipment,  broad¬ 
cast,  etc.  —  (3)  Of  non-communicating  tube  equip¬ 
ment  including  therapy  —  (4)  of  measuring  equip¬ 
ment —  (5)  of  components.  O perilling  compitnies 

(6)  in  sound,  records,  pictures,  public  address  — 

(7)  in  broadcasting — (8)  in  radio  communication 
including  amateurs  —  (9)  in  wire  and  cable  com¬ 
munication.  Indnstriiil  cowpiuties,  such  as  (10)  utili¬ 
ties — (Il)metal  mining  and  fabricating — (12)  proc¬ 
ess  industries — (13)  transportation.  (14)  Universi¬ 


ties  and  their  laboratories.  (15)  Independent  labora¬ 
tories  and  consultants.  (16)  Government,  Stat4  and 
Municipal  executives  and  engineers. 

Every  important  man  and  company  in  these  groups 
—  12,000  of  them,  with  30,000  pass-on  readers  — 
study  ELECTRONICS  sales  messages  every  month. 
There  is  no  (dead)  wood  in  this  circulation,  because 
they  pay  S5.00  a  year  for  a  publication  they  need  in 
their  S2,0(K),000,000  business. 

Action  in  this  field  requires  ELECTRONICS 
alone.  No  other  single  publication  —  NO  GROUP 
OF  PUBLICATIONS  —  can  reach  the  buyers  and 
influencers  of  purchase  of  products  in  fields  allied 
to  electronics  with  the  depth  of  penetration,  height 
of  reader  interest  —  and  economy.  We  can  prove  it 
statistically  —  our  advertisers  prove  it  by  results.  It’s 
easy  to  build  business  on  the  simple  ELECTRONICS 
pattern. 


|tv.' 


add  ELECTRONICS  to  your  Sales  Organization 
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ference  between  them.  One  of  the  fea¬ 
tures  of  the  receiver  are  the  special 
channel  selecting  circuits  which  must 
have  extremely  sharp  characteristics  to 
avoid  crosstalk  between  the  separate 
channels. 

The  equipment  is  designed  for  re¬ 
mote  operation  in  unattended  stations, 
controlled  from  the  nearest  telephone 
exchange.  Complete  duplicate  equip¬ 
ment  is  provided  in  case  of  failure;  this 
spare  equipment  is  switched  auto¬ 
matically  into  the  circuit  in  the  event 
of  failure  of  the  normal  circuit.  Ex¬ 
tensive  protective  measures  of  this  sort 
are  necessary  since  all  nine  channels 
are  lost  if  the  equipment  fails.  For 
the  same  reason  power  supply  is  dupli¬ 
cated,  an  emergency  Diesel-operated 
generator  being  switched  in  the  event 
of  failure  of  the  public  supply,  within 
one  minute  of  the  failure.  The  equip¬ 
ment  was  installed  and  designed 
by  engineers  of  Standard  Telephones  & 
Cables  Limited,  of  London. 


William  Brand  and  Company  extend  to  the 
Radio  and  Electrical  Industries  greetings  and  sincere 
wishes  for  a  happy  holiday  time. 

May  1938  open  new  vistas  of  bounteous  prosperity 
and  happiness  for  you,  and  all  who  are  associated 
with  you.  This  coming  year  holds  a  promise  of  the 
greatest  progress  in  industry's  history. 


Re  “Screens  for 
Television  Tubes' 


WILLIAM  BRAND  AND  CO. 
268  FOURTH  AVENUE.  NEW  YORK 
In  Chicago  —  217  N.  Desplaines  Street 


Mr.  I.  G.  Maloff,  one  of  the  co-au¬ 
thors  of  “Screens  for  Television  Tubes” 
which  appeared  in  the  November  issue 
calls  attention  to  errors  in  the  inte¬ 
gration  limits  of  Eq.  (2)  and  Eq.  (3) 
on  page  34.  Equation  (2)  should 
read 


=  0.448  r  N  lumens  . . . 
and  Eq.  (3)  should  read 


in  Plastics  Competition 
Scientific  Group 


A  prize  winner!  Stands  out 
in  any  competition!  Better  func¬ 
tional  design  combined  with  greater 
beauty  gpves  you  unbeatable  sales 
advantages.  Improved  wide-range 
response  plus  built-in  “Balanced- 
Tracking”  gives  you  finer  repro¬ 
duction  with  less  record  wear.  Try 
the  ZEPHYR — now!  It’s  today’s 
most  modern  pickup.  Write  for 
Bulletin  143M. 

Model  99B.  List  Price . 912 

SpedcUy  designed  Arm  Rest  aveil- 
able  et  SOc  list  edditional. 


0.552  IT  N  lumens 


Magnetic  Recording 

In  an  article  entitled  “Magnetic  Re¬ 
cording  and  Reproducing,”  by  C.  N. 
Hickman  in  the  September  issue  of  the 
Bell  Laboratories  Record,  it  is  pointed 
out  that  during  the  past  quarter  of  a 
century  the  failure  of  utilizing  Poul- 
sen’s  system  of  magnetic  recording  on 
a  steel  wire  was  due  to  a  number  of 
causes.  In  the  first  place  the  original 
experiment  used  round  wire  whose 
magnetic  properties  were  not  ideally 
suited  to  the  intended  purpose.  Further¬ 
more,  suitable  amplifiers  were  not 
available  at  the  time  the  Poulsen  sys¬ 
tem  was  invented. 

Through  the  use  of  a  very  thin  and 
narrow  tape  instead  of  a  round  wire, 
and  the  use  of  perpendicular  magnet¬ 
ization  (i.e.  the  magnet  element  in  the 
tape  had  no  appreciable  component 
along  the  length  of  the  tape)  the  Bell 


In  General-Purpose  Crystal  Microphones 

You’re  sure  of  better,  truer,  more  accurate  repro¬ 
duction  than  ever  before  available  even  at  higher 
cost  I  And  you  get  exclusive  dependability-features 
that  give  extra-protection  against  the  most  rigorous 
service  conditions.  Thousands  of  Shure  “ULTRA” 
Microphones  are  in  use  in  more  than  36  countries 
throughout  the  world. 

Swivel,  Spherical,  or  Grille-Type  models. 

List  Price  . S25 


Share  pilenti  pend- 
ing.  Licensed  nnder 
palenis  of  the  Brush 
Development  Com¬ 
pany 


•  SK9Mi  BHOTHtaM  • 
BBS  m  MB  BOB  BT^  CHtCMBO,  BOB. 
OMBli  MOOBtBB  •  SMBBBIBICBO 
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U.  S.  Patents 


Television 

Interference  Prevention.  Circuits  for 
generating  interfering  signals  along 
with  picture  signals  and  then  getting 
rid  of  interfering  signals.  R.  L.  Camp¬ 
bell,  RCA.  No.  2,092,875. 


Image  Dissector.  P.  T.  Farnsworth, 
No.  2,087,683.  Image  amplifier.  No. 


2,085,742;  Multipactor,  2,091,439;  Pro¬ 
jection  system,  No.  2,091,705. 

Generator.  Saw-tooth  wave  producer. 
M.  Bowman — Manifold,  EMI.  No. 
2,097,334. 

Braun  Tube.  Use  of  material  having 
greater  fluorescence  than  phosphores¬ 
cence.  M.  Von  Ardenne,  D.  C.  Loewe, 
No.  2,096,986.  See  also  No.  2,096,895 
von  Ardenne  on  a  deflection  system. 
Also  2,096,987,  2,096,988. 

Saw-tooth  Generator.  Kurt  Schles- 
inger,  Berlin.  No.  2,096,982. 

Deflecting  System.  Electromagnetic 
system.  T.  Nakashima  and  K.  Takaya- 
nagi,  Japan,  No.  2,093,157. 

Synchronizing  Impulses.  R.  C.  Bal¬ 
lard.  RCA.  No.  2,093,395. 

Deflection  Circuit.  A.  W.  V'ance,  RCA 
Nos.  2,085,402  and  2,093,177. 


Reshaping  Circuit.  Method  of  re¬ 
shaping  saw-tooth  waves  so  they  will 


pass  through  an  inductive  circuit 
without  loss  of  shape.  A.  V.  Bedford, 
RCA.  No.  2,085,409.  Also  No.  2,092,- 
871. 

Amplitude  Filter.  Kurt  Schlesinger, 
No.  2,097,804.  Also  No.  2,083,202  to 


Schlesinger  on  an  arrangement  for 
tilting  oscillations.  Also  2,083,205  on  a 
safety  means  for  television  tubes. 

Photoelectric  System.  Impressing  an 
image  on  a  photo  sensitive  surface,  col¬ 
lecting  the  electronic  emission  to  form 
an  electrostatic  reproduction  of  the 
image,  causing  an  electron  stream  to  be 
emitted  from  each  point  of  the  sur¬ 
face  and  causing  the  stream  to  be 
modulated  by  the  electrostatic  image. 
F.  C.  P.  Henroteau,  Ottawa.  1931,  No. 
2,083,995. 

Scanning  System.  Cathode  ray 
scanning.  V’.  K.  Zworykin.  No.  2,084,- 
364.  RCA. 

Level  Control.  Cathode  Ray  pick-up 
system.  G.  N.  Ogloblinskv,  RC.\.  No. 
2,084,700. 


Radio  Receiver  Circuiti? 

.\utomatic  volume  control.  No.  2,083,- 
026,  W.  R.  Koch;  No.  2,083,025,  W.  R. 
Koch;  No.  2,083,243,  O.  H.  Schade  and 
F.  H.  Shepard;  No.  2,082,961,  W.  R. 
Koch;  No.  2,094,902,  G.  L.  Beers;  No. 
2,093,094  and  2,093,095,  H.  O.  Peterson; 
No.  2,093,548,  K.  A.  Chittick  and  W.  L. 
Carlson;  No.  2,097,281,  K.  W.  Jarvis; 
No.  2,076,814  and  2,078,072,  C.  J. 
Franks,  all  to  RCA.  No.  2,077,045,  C.  K, 
Huxtable,  Hazeltine  Corp;  No.  2,083,- 
501,  W.  C.  Lane,  Hygrade  Sylvania 
Corp.;  No.  2,093,560  and  2,093,561  to 
H.  E.  Hollman,  Telefunken. 

No.  2,077,126,  W.  J.  O’Brien;  No. 
2,048,738,  P,  O.  Farnham;  No.  2,055,891, 
E.  T.  Dickey;  No.  2,072,283,  H.  A. 
Snow;  No.  2,065,910,  H.  A.  Snow;  No. 
2,085,068,  G.  L.  Beers;  No.  2,088,179, 
W.  B.  Roberts;  No.  2,093,565,  W.  R. 
Koch;  re-issue  No.  20,442,  Stuart  Bal- 
lantine;  No.  2,088,230,  D.  G.  Burnside; 
No.  2,092,885,  L.  R.  Kirkwood;  No. 
2,092,500,  K.  A.  Chittick  and  No.  2,092,- 
503,  L.  T.  Fowler;  No.  2,088,178, 
B.  D.  H.  Tellegen,  all  to  RCA. 

No.  2,088,206,  Gunther  Jobst,  Tele¬ 
funken;  No.  2,085,928,  S.  A.  Stevens 
and  L.  E.  Thompson,  Union  Switch  & 
Signal  Co.;  No.  2,093,564,  Ernst  Klotz 
and  R.  Rechnitzer,  Telefunken;  No. 
2,072,740,  D.  P.  Eamshaw,  Philco. 

Automatic  tone  or  selectivity  circuits. 
No.  2,076,812,  P.  0,  Famham,  tuning 
selectivity  control;  No.  2,054,839,  J.  S. 
Starrett,  automatic  fidelity  control;  No. 
2,073,504,  Charles  Travis,  automatic 
tone  control  circuit  to  RCA.  No.  2,074,- 
852,  combined  volume  and  bass  tone 
compensation  control  circuit,  W.  H. 
Nelson,  G.E,  Co,;  No.  2,092,070,  tone 
control,  P.  F.  G.  Holst;  No.  2,069,869, 
automatic  tone  control,  Jacob  Yolles; 


No.  2,085,196,  selectivity  control  sys¬ 
tem,  W.  R.  Koch;  No.  2,088,229,  auto¬ 
matic  fidelity  control,  R.  A.  Braden  to 
RCA;  No.  2,090,538,  variable  band 
coupling  device  for  superheterodyne, 
H.  J.  Lyman,  Philco;  No.  2,091,134, 
G.  L.  Beers,  Westinghouse,  automatic 
fidelity  control,  filed  1929,  30  claims; 
No.  2,078,077,  L.  C.  Hollands,  RCA, 
automatic  fidelity  control.  This  circuit 
involves  an  i-f  amplifier  having  a  band 
pass  characteristic  designed  to  pass  a 
maximum  band  of  12  kc.  at  90  per  cent 
of  the  resonance  value,  a  second  detec¬ 
tor  and  a  following  second  i-f  amplifier 
tuned  to  a  frequency  substantially  less 
than  the  frequency  of  the  first  and 
passing  a  band  width  of  4  kc.  at  90  per 
cent  of  resonance.  No.  2,077,466,  auto¬ 
matic  volume  expander,  John  F. 
Dreyer;  No.  2,078,762,  automatic  tone 
control,  P.  F.  G.  Holst;  No.  2,094,073, 
tone  control  system,  V.  D.  Landon;  No. 
2,083,232,  automatic  selectivity  control, 
W.  R.  Koch;  No.  2,054,892,  automatic 
fidelity  control,  R.  A.  Braden,  all  to 
RCA. 

Tuning  Systems 

Remote  control.  No.  2,091,681,  E.  B. 
Hansell,  New  York,  N.  Y. 

Tuning  apparatus.  Clock-controlled 
mechanism.  A.  A.  Thomas,  RCA.  No. 
2,097,901. 


Motor  tuning.  J.  McWilliam  Stone, 
Operadio  Mfg.  Co.  No.  2,093,494. 

Automatic  frequency’  control.  N.  M. 
Rust,  RCA.  No.  2,097,937. 

Automatic  station  selector.  Frederick 
W.  Kiena,  West  Brighton,  N.  Y.  No. 
2,097,330. 

Automatic  frequency  control.  M.  G. 
Crosby,  RCA.  No.  2,065,565. 

Resonance  indicator.  The  following 
patents  are  on  various  means  of  indi¬ 
cating  resonance:  No.  2,080,646,  H.  A. 
Wheeler,  Hazeltine  Corp.;  No.  2,087,- 
652,  H.  D.  Oakley,  RCA;  and  No. 
2,094,684,  F.  H.  Shepard,  Jr.,  RCA. 

Noise  Suppression  Circuits.  No.  2,- 
078,055  to  W.  L.  Carlson,  RCA,  on  a.v.c. 
with  noise  suppression.  No.  2,076,803, 
J.  van  Slooten,  RCA,  No.  2,088,210 
W.  R.  Koch,  RCA  interstation  noise 
suppressor.  No.  2,096,625  Geo.  M. 
Brown,  G.E.  Co. 
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NOW  -A  NEW  FOOL-PROOF 
MOTOR  for  "Push-Button"  Tuning 

Here  is  a  new  motor,  fresh  from  the  Alliance  engineering  depart¬ 
ment,  specifically  designed  for  use  in  radio  tuning  by  “push¬ 
button”  control. 

Exclusive  safety  and  dependability  features  make  the  Model  "R”  motor  the 
most  rugged  and  efficient  of  its  kind.  Securely  mounted,  self-aligning,  oilless 
bearings  guarantee  permanent  shaft  alignment  and  noiseless  operation. 
Thermostatic  proteaion  against  acddental  burning  out,  plus  ample  heat 
radiatine  area  provided  by  the  bousing,  make  the  model  ”R”  ideal  for  con¬ 
cealed  positions.  Yet  the  overall  dimensions  ate  only  2V8"x2'/8''*l'/2"-  The 
Alliance  Model  "R"  motor  can  be  had  now  in  large  quantities  at  low  cost. 
Mounting  and  gear  assemblies  will  be  supplied  to  meet  your  particular 
demands  and  specifications. 

Write,  Wire  or  Phone  for  Complete  Details 

ALLIANCE  MFG.  CO.-ALLIANCE,  OHIO 


KULGRIO  "C" 
STRAND 

t  Conductivity  -J 

Flexibility 
Non-Oxidiioble 


TUNGSTEN 
Ground  Finish  Surtoce 
Controlled  Crystal  Ttructure 
Excellent  Sealing  Quality 


:  ■ 


MOLYBDENUM 

Ductile 

'  Easily  Shaped 


Laboratories  have  developed  a  system 
in  which  magnetic  recording  and  re¬ 
producing  can  be  satisfactorily  carried 
out.  In  this  system,  the  wire  or  flat 
tape  which  is  used  is  strongly  mag¬ 
netized  before  reaching  the  recording 
magrnet,  in  a  direction  opposite  to  the 
magnetization  to  be  given  by  the  re¬ 
cording  magnet.  Because  the  two  poles 
of  the  recording  magnet  on  opposite 
sides  of  the  wire  are  offset  with  re¬ 
spect  to  each  other,  the  flux  from  each 
pole  does  not  follow  a  straight  line  from 
pole  to  pole.  Rather,  it  is  distributed 
as  indicated  in  Fig.  1.  The  flux  line 
number  1  produces  little  or  no  effect 


1  fbiiriptn^ 

vtnn^-^irM 


of  bV/>1E* 


Fig.  1 — Cross  soction  of  iron  wiro  ro- 
cording  system 

since  it  is  approximately  parallel  to 
and  in  the  same  direction  as  magnet¬ 
ization  already  in  the  tape.  However, 
since  flux  line  number  2  is  at  right 
angles  to  this  steady  magnetization  it 
reduces  magnetic  distortion  in  the  tape. 
The  flux  represented  by  lines  3,  4  and 
5  run  diagonally  across  the  wire  from 
pole  to  pole.  These  would  produce 
correct  flux  modulations  in  the  wire  if 
it  were  not  for  the  distorting  flux 
represented  by  line  2  already  men¬ 
tioned,  and  that  represented  by  lines  6 
and  7  which  are  similar  in  their  effect 
to  that  represented  by  line  2. 

An  improvement  brought  about  by 
the  Laboratories  consists  of  providing 
better  magnetic  material,  in  rolling  it- 
into  a  thin  tape,  and  in  properly  heat- 
treating  it.  In  the  Bell  Laboratories 
system  shovm  in  Fig.  2,  the  magnetiz¬ 
ing  portion  of  the  polarizing  poles  is 


Fig.  2 — CroM  saclion  of  poipondlcnlar 
magnittsotion  mothod  dovolopod  by 
Boll  Loborotorloi 

great  enough  to  produce  magnetic  sat¬ 
uration  of  the  tape  as  it  passes  be¬ 
tween  these  two  poles.  As  the  tape 
moves  from  the  polarizing  pole  the 
(Continued  on  page  58) 


HARD  GLASS.  STEM 

MADE  WITH 

CALLIT  E  L  E  AD-IN  WIRES 

of  Tungsten  •  Molybdenum  •  Kulgrid 


Tb*  TUNGSTEN  in  Collito  Hard  Glass  Wolds  is  spacially  procassad  to  glva  a  compact  fibrous 
stnictura.  fraa  from  lonoitudinai  cracks  and  is  contorlass  ground  to  aliminata  surfaca  imparfactions. 
Tba  KULGRID  "C"  STRAND  has  nona  of  tha  obiactionabla  faaturas  of  ragular  coppar  strand. 
Kulgrid  "C"  doas  not  oxidha.  Tharafora,  no  oxida  flakas  off  to  daposit  in  tha  tuba  prass  as 
it  tna  cata  with  coppar  strand.  Kulgrid  "C"  is  fiaxlbla  and  doas  not  bacoma  brittla.  It  walds 
mora  raadlly  to  tungstan  than  ordinary  coppar  strand  and  forms  a  strong  joint. 

Rura  matals  of  bast  quality  ara  usad  for  any  third  componant  part. 


CALLITE  PRODUCTS  DIVISION 

iORPOKAUns 

544- 39th  STREhT  UNION  CITY,  N.  J. 
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U.  S.  Patents 


Televisiou 

Interference  Prevention.  Circuits  for 
gfenerating  interfering  signals  along 
with  picture  signals  and  then  getting 
rid  of  interfering  signals.  R.  L.  Camp¬ 
bell,  RCA.  No.  2,092,875. 


Image  Dissector.  P.  T.  Farnsworth, 
No.  2,087,683.  Image  amplifier.  No. 


2,085,742;  Multipactor,  2,091,439;  Pro¬ 
jection  system,  No.  2,091,705. 

Generator.  Saw-tooth  w’ave  producer. 
M.  Bowman — Manifold,  EMI.  No. 
2,097,334. 

Braun  Tube.  Use  of  material  having 
greater  fluorescence  than  phosphores¬ 
cence.  M.  Von  Ardenne,  D.  C.  Loewe, 
No.  2,096,986.  See  also  No.  2,096,895 
von  Ardenne  on  a  deflection  system. 
Also  2,096,987,  2,096,988. 

Saw-tooth  Generator.  Kurt  Schles- 
inger,  Berlin.  No.  2,096,982. 

Deflecting  System.  Electromagnetic 
system.  T.  Nakashima  and  K.  Takaya- 
nagi,  Japan,  No.  2,093,157. 

Synchronizing  Impulses.  R.  C.  Bal¬ 
lard.  RCA.  No.  2,093,395. 

Deflection  Circuit.  A.  W.  V'ance,  RCA 
Nos.  2,085,402  and  2,093,177. 


Reshaping  Circuit.  Method  of  re¬ 
shaping  saw-tooth  waves  so  they  will 


pass  through  an  inductive  circuit 
without  loss  of  shape.  A.  V.  Bedford, 
RCA.  No.  2,085,409.  Also  No.  2,092,- 
871. 


Amplitude  Filter.  Kurt  Schlesinger, 
No.  2,097,804.  Also  No.  2,083,202  to 


Schlesinger  on  an  arrangement  for 
tilting  oscillations.  Also  2,083,205  on  a 
safety  means  for  television  tubes. 

Photoelectric  System.  Impressing  an 
image  on  a  photo  sensitive  surface,  col¬ 
lecting  the  electronic  emission  to  form 
an  electrostatic  reproduction  of  the 
image,  causing  an  electron  stream  to  be 
emitted  from  each  point  of  the  sur¬ 
face  and  causing  the  stream  to  be 
modulated  by  the  electrostatic  image. 
F.  C.  P.  Henroteau,  Ottawa.  1931,  No. 
2,083,995. 

Scanning  System.  Cathode  ray 
scanning.  V'.  K.  Zworykin.  No.  2,084,- 
364.  RCA. 

Level  Control.  Cathode  Ray  pick-up 
system.  G.  N.  Ogloblinsky,  RCA.  No. 
2,084,700. 


Radio  Receiver  Circuits 

.\utomatic  volume  control.  No.  2,083,- 
026,  W.  R.  Koch;  No.  2,083,025,  W.  R. 
Koch;  No.  2,083,243,  O.  H.  Schade  and 
F.  H.  Shepard;  No.  2,082,961,  W.  R. 
Koch;  No.  2,094,902,  G.  L.  Beers;  No. 
2,093.094  and  2,093,095,  H.  O.  Peterson; 
No.  2,093,548,  K.  A.  Chittick  and  W.  L. 
Carlson;  No.  2,097,281,  K.  W.  Jarvis; 
No.  2,076,814  and  2,078,072,  C.  J. 
Franks,  all  to  RCA.  No.  2,077,045,  C,  K. 
Huxtable,  Hazeltine  Corp;  No.  2,083,- 
501,  W.  C.  Lane,  Hygrade  Sylvania 
Corp.;  No.  2,093,560  and  2,093,561  to 
H.  E.  Hollman,  Telefunken. 

No.  2,077,126,  W.  J.  O’Brien;  No. 
2,048,738,  P,  O.  Farnham;  No.  2,055,891, 
E.  T.  Dickey;  No.  2,072,283,  H.  A. 
Snow;  No.  2,065,910,  H.  A.  Snow;  No. 
2,085,068,  G.  L.  Beers;  No.  2,088,179, 
W.  B.  Roberts;  No.  2,093,565,  W.  R. 
Koch;  re-issue  No.  20,442,  Stuart  Bal- 
lantine;  No.  2,088,230,  D.  G.  Burnside; 
No.  2,092,885,  L.  R.  Kirkwood;  No. 
2,092,500,  K.  A.  Chittick  and  No.  2,092,- 
503,  L.  T.  Fowler;  No.  2,088,178, 
B.  D.  H.  Tellegen,  all  to  RCA. 

No.  2,088,206,  Gunther  Jobst,  Tele¬ 
funken;  No.  2,085,928,  S.  A.  Stevens 
and  L.  E.  Thompson,  Union  Switch  & 
Signal  Co.;  No.  2,093,564,  Ernst  Klotz 
and  R.  Rechnitzer,  Telefunken;  No. 
2,072,740,  D.  P.  Eamshaw,  Philco. 

Automatic  tone  or  selectivity  circuits. 
No.  2,076,812,  P.  0.  Famham,  tuning 
selectivity  control;  No.  2,054,839,  J.  S. 
Starrett,  automatic  fidelity  control;  No. 
2,073,504,  Charles  Travis,  automatic 
tone  control  circuit  to  RCA.  No.  2,074,- 
852,  combined  volume  and  bass  tone 
compensation  control  circuit,  W.  H. 
Nelson,  G.E.  Co.;  No.  2,092,070,  tone 
control,  P.  F.  G.  Holst;  No.  2,069,869, 
automatic  tone  control,  Jacob  Yolles; 

w.  -  ► 


No.  2,085,196,  selectivity  control  sys¬ 
tem,  W.  R.  Koch;  No.  2,088,229,  auto¬ 
matic  fidelity  control,  R.  A.  Braden  to 
RCA;  No.  2,090,538,  variable  band 
coupling  device  for  superheterodyne, 
H.  J.  Lyman,  Philco;  No.  2,091,134, 
G.  L.  Beers,  Westinghouse,  automatic 
fidelity  control,  filed  1929,  30  claims; 
No.  2,078,077,  L.  C.  Hollands,  RCA, 
automatic  fidelity  control.  This  circuit 
involves  an  i-f  amplifier  having  a  band 
pass  characteristic  designed  to  pass  a 
maximum  band  of  12  kc.  at  90  per  cent 
of  the  resonance  value,  a  second  detec¬ 
tor  and  a  following  second  i-f  amplifier 
tuned  to  a  frequency  substantially  less 
than  the  frequency  of  the  first  and 
passing  a  band  width  of  4  kc.  at  90  per 
cent  of  resonance.  No.  2,077,466,  auto¬ 
matic  volume  expander,  John  F. 
Dreyer;  No.  2,078,762,  automatic  tone 
control,  P.  F.  G.  Holst;  No.  2,094,073, 
tone  control  system,  V.  D.  Landon;  No. 
2,083,232,  automatic  selectivity  control, 
W.  R.  Koch;  No.  2,054,892,  automatic 
fidelity  control,  R.  A.  Braden,  all  to 
RCA. 

Tuning  Systems 

Remote  control.  No.  2,091,681,  E.  B. 
Hansell,  New  York,  N.  Y. 

Tuning  apparatus.  Clock-controlled 
mechanism.  A.  A.  Thomas,  RCA.  No. 
2,097,901. 


Motor  tuning.  J.  McWilliam  Stone, 
Operadio  Mfg.  Co.  No.  2,093,494. 

Automatic  frequencv  control.  N.  M. 
Rust,  RCA.  No.  2,097,937. 

Automatic  station  selector.  Frederick 
W.  Kiena,  West  Brighton,  N.  Y.  No. 
2,097,330. 

Automatic  frequency  control.  M.  G. 
Crosby,  RCA.  No.  2,065,565. 

Resonance  indicator.  The  following 
patents  are  on  various  means  of  indi¬ 
cating  resonance:  No.  2,080,646,  H.  A. 
Wheeler,  Hazeltine  Corp.;  No.  2,087,- 
652,  H.  D.  Oakley,  RCA;  and  No. 
2,094,684,  F.  H.  Shepard,  Jr.,  RCA. 

Noise  Suppression  Circuits.  No.  2,- 
078,055  to  W.  L.  Carlson,  RCA,  on  a.v.c. 
with  noise  suppression.  No.  2,076,803, 
J.  van  Slooten,  RCA,  No.  2,088,210 
W.  R.  Koch,  RCA  interstation  noise 
suppressor.  No.  2,096,625  Geo.  M. 
Brown.  G.E.  Co. 
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NOW  -A  NEW  FOOL-PROOF 
MOTOR  for  "Push-Button"  Tuning 

Here  is  a  new  motor,  fresh  from  the  Alliance  engineering  depart¬ 
ment,  specifically  designed  for  use  in  radio  tuning  by  “push¬ 
button”  control. 

Exclusive  safety  and  dependability  features  make  the  Model  “R”  motor  the 
most  rugged  and  efficient  of  its  kind.  Securely  mounted,  self-aligning,  oilless 
bearings  guarantee  permanent  shaft  alignment  and  noiseless  operation. 
Thermostatic  protection  against  acddental  burning  out,  plus  ample  heat 
radiatine  area  provided  by  the  housing,  make  the  model  "R”  ideal  for  con¬ 
cealed  positions.  Yet  the  overall  dimensions  are  only  2V8"x2'/8”xlV2"-  The 
Alliance  Model  "R”  motor  can  be  had  now  in  large  quantities  at  low  cost. 
Mounting  and  gear  assemblies  will  be  supplied  to  meet  your  particular 
demands  and  specifications. 

fVrite,  Wire  or  Phone  for  Complete  Details 

ALLIANCE  MFG.  CO.-ALLIANCE,  OHIO 


TUNGSTEN 
Ground  Finish  Surloc* 

Controlled  Crystal  itructure 
Excellent  Sealing  Q\3a\rty 

MOLYBDENUM 
Ductile 

Eosily  Shaped 


O'Ng 


JOINTS 


HARD  GLASS,  STEM 

MADE  WITH 


CALLITE  LEAD-IN  WIRES 

of  Tungsten  •  Molybdenum  •  Kulgrid 


Th*  TUNGSTEN  in  Callito  Hard  Glass  Walds  it  tpacially  procatsad  to  qiva  a  compact  fibrous 
structura.  fraa  from  lonoitudinal  cracks  and  It  cantarloss  ground  to  allmlnata  turfaca  Imparfactions. 
Ttia  KULGRID  "C"  STRAND  hat  nona  of  tha  objactionablo  faaturas  of  regular  copper  strand. 
KulgrM  "C"  does  not  oxldixe.  Therefore,  no  oxide  flakes  off  to  deposit  In  the  tube  press  at 
is  the  cate  with  copper  strand.  Kulgrid  *'C''  is  flexible  and  does  not  become  brittle.  It  srelds 
more  readily  to  tungsten  than  ordinary  copper  strand  and  forms  a  strong  joint. 

Rare  metals  of  best  quality  era  used  for  any  third  component  part. 


CALLITE  PRODUCTS  DIVISION 

IIMIKIIKIKU  (OKHOKAI  in.\ 

544-}9th  STREhT  UNION  CITY,  N.  J. 


Laboratories  have  developed  a  system 
in  which  magnetic  recording  and  re¬ 
producing  can  be  satisfactorily  carried 
out.  In  this  system,  the  wire  or  flat 
tape  which  is  used  is  strongly  mag¬ 
netized  before  reaching  the  recording 
magnet,  in  a  direction  opposite  to  the 
magnetization  to  be  given  by  the  re¬ 
cording  magnet.  Because  the  two  poles 
of  the  recording  magnet  on  opposite 
sides  of  the  wire  are  offset  with  re¬ 
spect  to  each  other,  the  flux  from  each 
pole  does  not  follow  a  straight  line  from 
pole  to  pole.  Rather,  it  is  distributed 
as  indicated  in  Fig.  1.  The  flux  line 
number  1  produces  little  or  no  effect 


Fig.  1 — Croaa  soction  of  iron  wir#  ro- 
cording  aystam 

since  it  is  approximately  parallel  to 
and  in  the  same  direction  as  magnet¬ 
ization  already  in  the  tape.  However, 
since  flux  line  number  2  is  at  right 
angles  to  this  steady  magnetization  it 
reduces  magnetic  distortion  in  the  tape. 
The  flux  represented  by  lines  3,  4  and 
5  run  diagonally  across  the  wire  from 
pole  to  pole.  These  would  produce 
correct  flux  modulations  in  the  wire  if 
it  were  not  for  the  distorting  flux 
represented  by  line  2  already  men¬ 
tioned,  and  that  represented  by  lines  6 
and  7  which  are  similar  in  their  effect 
to  that  represented  by  line  2. 

An  improvement  brought  about  by 
the  Laboratories  consists  of  providing 
better  magnetic  material,  in  rolling  it. 
into  a  thin  tape,  and  in  properly  heat- 
treating  it.  In  the  Bell  Laboratories 
system  shown  in  Fig.  2,  the  magnetiz¬ 
ing  portion  of  the  polarizing  poles  is 
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Fig.  2 — Cross  sscfion  ol  porpondlcnlor 
magnitisation  mathod  dovslopod  by 
Boll  Loborotorios 

grreat  enough  to  produce  magnetic  sat¬ 
uration  of  the  tape  as  it  passes  be¬ 
tween  these  two  poles.  As  the  tape 
moves  from  the  polarizing  pole  the 
(Continued  on  page  58) 
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tance,  the  maKnetron  offers  a  means  I 
of  generating  larger  amounts  of  power 
at  wave  lengths  below  100  cm.  than 
can  be  generated  by  any  other  type 
of  vacuum  tube  generator  at  the  pres¬ 
ent  time.  In  another  mode  where  the  ! 
oscillation  mechanism  depends  upon  j 
electron  transit  time,  the  magnetron 
offers  a  means  of  generating  the  j 
shortest  continuous  radio  waves. 

“The  negative  resistance  magnetron 
is  particularly  u.seful  in  the  range 
of  wave  lengths  extending  roughly 
from  100  cm.  to  30  cm.  Radiation 
cooled  tubes  of  this  type  are  capable 
of  generating  power  of  the  order  of 
50  watts  at  a  wave  length  of  50  cm., 
and  special  water  cooled  tubes  can 
deliver  more  than  100  watts  output  at 
the  same  wave  length. 

“The  transit  time  magnetron  is  use¬ 
ful  in  generating  high  frequency  cur¬ 
rents  at  wave  lengths  below  30  cm. 
Power  output  of  a  few  watts  can  be 
generated  at  wave  lengths  around  10 
cm.  and  dependable  currents  can  be 
generated  at  wave  lengths  as  short  as 
a  few  millimeters.” 

•  •  • 

Seleiiiuiii  RcK^lifier 

For  many  years  the  variation  of 
resistance  of  selenium  as  a  function  j 
of  the  impinging  light  flux  has  been 
known  and  has  been  utilized  *in  a 
number  of  electro-optical  applications. 
The  use  of  selenium  as  a  power  recti¬ 
fier  is  a  more  recent  development  but 
is  rather  thoroughly  covered  in  the 
article  “The  Selenium  Rectifier”  by 
Erich  Kipphan  in  the  July  issue  of 
Electrical  Communication,  issued  by 
the  International  Standard  Electric 
Corp. 


ATTENUATORS 


MODEL  10  - E.  20  STEPS,  L-TYPE 

Desipned  for  use  with  Weston  O  Level  DB  meter, 
(jives  a  ranpe  of  0  to  40  db.  attenuation.  Impedance 
output — 5.000  ohms.  All  resistors  non-inductively  wound 
with  Constantan  .411oy  and  held  to  within  1/10%. 
Designed  for  ruggedness  and  smooth  operation.  Shaft 
lubricated  with  a  permanent  non-freezing  graphite 
compound. 

Standard  sizes:  0  to  -4-40,  5.000  ohms;  —10  to  +30, 
5.0(X)  ohms;  — 10  to  -r30,  1,5(K)  ohms.  Special  types 
made  to  order. 

Write  for  details  and  prices. 

CINEMA  ENGINEER 

7606  Santa  Monica  Blvd. 


OTHER  PRODUCTS 

Non-inducOv«ly  wound 
Resistors 
Can-type  Pads 
High  quality  Rack  and 
Panel  Equipment. 

Fuil  details  on  request. 

I  N  G  CO. 

Hallywaad,  Cal. 


^Nothing 

takes  the 
place  of 

EXPERIENCE 

That's  why  leading  radio 
manufacturers  rely  on 

Goat  Radio  Tube  Parts 
and  Service 

(Illustration  shows  just  a  few  repre¬ 
sentative  types  of  Shields— one  of  the 
many  classes  of  tube  parts) 


Selenium  rectifiers  were  first  used 
for  charging  storage  batteries  but 
were  later  used  to  supply  direct  cur¬ 
rent  from  the  a-c  main  without  the 
use  of  an  intermediate  battery.  They 
have  also  been  used  to  supply  power 
for  electro-acoustic  systems,  electro¬ 
plating,  or  welding  applications.  They 
may  also  be  used  as  spark  quenchers 
for  industrial  circuits,  for  instrument 
rectifiers,  as  well  as  for  detectors  in 
high  frequency  work. 

The  article  by  Dr.  Kipphan  gives 
some  rather  complete  curves  and  tech¬ 
nical  characteristics  of  selenium  rec¬ 
tifiers  and  discusses  the  use  of  these 
rectifiers  for  various  industrial  appli¬ 
cations. 


Goat  Radio  Tube  Parts,  Inc. 

3  14  DEAN  ST., 
BROOKLYN,  N.  Y. 


SIGMA  RELAYS 

MODEL  2.A 

A  12  milliwatt,  D.  C.,  ••mi-senaiUT*  iastrumant  lor 
gonoral  oloctroaic  and  industrial  usos. 

CoatrolM  150  watts,  aoniaductire  load,  at  115 
Tolts,  A.  C.,  on  single-pole  double-throw 
Mtlrer  contoefs. 

list  Price 

With  coU  resistances  up  to  2,000  ohms .  $5.00 

With  higher  coil  resistances .  5.50 

MODEL  M 

Embodies  Tobe  Mu-Switch.  Input,  50  milliwatts,  D.  C., 
Controls  1  kilowatt,  aoniaductiTe  load,  at  115  Tolts, 
A.  C.,  on  single-pole  double-throw  contacts. 

List  Price 

With  coil  resistances  up  to  2,000  ohms .  $7.00 

With  higher  resistances .  7.50 

Both  models  are  mounted  on  5-prong  base  to  plug  into 
standard  tube  socket. 


SIGMA  INSTRUMENTS,  INC. 


388  TRAPELO  ROAD 


BELMONT.  MASS. 
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AUTOMATIC 

ELECTRIC 


ELAYS 


A  WIDE  VARIETY  OF  TYPES 
FOR  EVERY  INDUSTRIAL  USE 

The  Automatic  Electric  line  of  relays  includes  quick  and  delayed 
action  types,  sensitive  and  heavy  duty  types,  mechanical  locking 
types,  polarized  relays,  etc.,  etc.  Available  for  operation  on  D.C. 
or  A.C.  circuits,  any  voltage,  any  contact  combination. 

Also  stepping  switches,  electric  counters,  solenoids,  keys  and 
other  electric  control  accessories.  Write  for  complete  illustrated 
catalogs. 

AMERICAN  AUTOMATIC  ELECTRIC  SALES  COMPANY 

1019  WEST  VAN  BUREN  STREET  CHICAGO 


The  FIRST  compact 
30-Step  “Tee"  Network  Attenuator 
ever  offered  at  a  LOW  COST  .  . . 


It  is  perfect  as  a  mixer  and  a  master  gain  control  for  low-level 
mixing.  The  new  Attenuator  has  zero  insertion  loss,  constant 
impedance  both  in  and  out  of  all  settings  and  at  all  frequencies 
within  the  desired  range,  and  the  lowest  attainable  noise  level. 


30  Step*  of  Attenuation 
Laminatod  po*iti*e  wiping  type  twitch 
Low  noiae  level.  Below — IM  Ob. 
Shielded  from  eloetrical  ditturbanee* 
Rugged — light  weight 


Size  only  2>4'  diameter  by  2  1/16'  in  depth 
Zero  intertion  lota 

Frequency  error:  None  over  the  range  of  30 
to  17.000  Cpi. 

Ratitton,  unifllar  wound.  Price  $17.50 


Write  for  Bulletin  S34 

The  following  impedances  stocked  for  immediate  shipment: 

30/30  125/125  250/250  500/200  30 '50 

50/50  200/200  500/500  600/600  50  200 

Special  Impedancet  and  Attenuation  Upon  Requett. 

THE  DAVEN  CO.,  158  Suanit  St.,  Newark,  N.  J. 


Manutaeturerm  of: 


Singl*  a  Dual 
Patentiomatera 
Spatial  Ratary  Switehe* 
Filament  Rhaoatat* 
MIxar  Panel* 


Variable  4  Fixed 
Attenuatori 
Fader* 

Volume  Indicator* 
Output  Meter* 


Line  Equalizer* 
Attenuation  Box** 
MuRipliort 
Super  Davohm* 
Laboratory  Equipment 


Speech  Input  Control 
Apparatu* 

Decade  Raaiitance* 
Reaiftanea* 

Davohma 


(Continued  from  page  56) 
magnetic  force  is  reduced  until,  at  a 
sufficient  distance  from  the  polarizing: 
pole  piece  it  is  zero  and  the  tape  has 
only  the  residual  flux  density. 

The  bias  windings  on  the  recording 
magnets  provide  a  magnetizing  force 
opposite  that  of  the  polarizing  magmet. 
The  function  of  the  bias  winding  is  to 
demag^ietize  the  wire  strips  in  the  ab¬ 
sence  of  signal  current  flowing  through 
the  signal  windings.  In  the  presence 
of  a  signal  the  relation  between  the 
magnetizing  force  due  to  the  current 
through  the  signal  winding  and  the 
flux  density  is  approximately  linear  so 
that  distortion  is  minimized.  With  a 
constant  tape  speed,  the  rate  of  change 
‘  in  magnetization  is  proportional  to  the 
frequency  of  the  recorded  signal. 
Consequently,  the  response  for  a  given 
signal  voltage  increases  directly  with 
the  frequency,  up  to  the  point  where 
the  width  of  the  pole  faces  approaches 
a  full  wave-length  of  the  recorded  sound 
after  which  the  response  falls  off 
rapidly.  The  uncorrected  frequency  re¬ 
sponse  curve  of  such  a  system  is  not 
very  satisfactory  and  equalization  is 
necessary  to  produce  a  curve  which  is 
sensibly  flat  between  100  and  about 
7,000  cycles  per  .second. 


;  High  Frequency 
I  Magnetron  Generators 

In  a  paper  “The  Magme  .'on  as  a  High 
Frequency  Generator”  appearing  in 
the  October  issue  of  the  Journal  of 
Applied  Physics,  a  survey  of  the 
various  types  of  magnetron  generators 
is  made  by  G.  R.  Kilgore  with  par¬ 
ticular  reference  to  their  performance 
and  limitations  at  ultra  high  fre¬ 
quencies. 

After  giving  in  some  detail  the  vari¬ 
ous  types  of  magnetron  generators 
which  may  be  used  in  the  ultra  high 
frequency  region,  and  outlining  some 
of  the  limitations  of  circuit  and  power 
output,  the  author  concludes:  “In  one 
mode  of  operation  where  the  oscilla¬ 
tions  depend  on  a  static  negative  resis- 
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(Continued  from  page  56) 
magnetic  force  is  reduced  until,  at  a 
sufficient  distance  from  the  polarizing 
pole  piece  it  is  zero  and  the  tape  has 
only  the  residual  flux  density. 

The  bias  windings  on  the  recording 
magnets  provide  a  magnetizing  force 
opposite  that  of  the  polarizing  magnet. 
The  function  of  the  bias  winding  is  to 
demagnetize  the  wire  strips  in  the  ab¬ 
sence  of  signal  current  flowing  through 
the  signal  windings.  In  the  presence 
of  a  signal  the  relation  between  the 
magnetizing  force  due  to  the  current 
through  the  signal  winding  and  the 
flux  density  is  approximately  linear  so 
that  distortion  is  minimized.  With  a 
constant  tape  speed,  the  rate  of  change 
in  magnetization  is  proportional  to  the 
frequency  of  the  recorded  signal. 
Consequently,  the  response  for  a  given 
signal  voltage  increa.ses  directly  with 
the  frequency,  up  to  the  point  where 
the  width  of  the  pole  faces  approaches 
a  full  wave-length  of  the  recorded  sound 
after  which  the  response  falls  off 
rapidly.  The  uncorrected  frequency  re¬ 
sponse  curve  of  such  a  system  is  not 
very  satisfactory  and  equalization  is 
necessary  to  produce  a  curve  w’hich  is 
sensibly  flat  between  100  and  about 
7,000  cycles  per  .second. 


AUTOMATIC 

ELECTRIC 


ELAYS 


A  WIDE  VARIETY  OF  TYPES 
FOR  EVERY  INDUSTRIAL  USE 


The  Automatic  Electric  line  of  relays  includes  quick  and  delayed 
action  types,  sensitive  and  heavy  duty  types,  mechanical  locking 
types,  polarized  relays,  etc.,  etc.  Available  for  operation  on  D.C. 
or  A.C.  circuits,  any  voltage,  any  contact  combination. 

Also  stepping  switches,  electric  counters,  solenoids,  keys  and 
other  electric  control  accessories.  Write  for  complete  illustrated 
catalogs. 

AMERICAN  AUTOMATIC  ELECTRIC  SALES  COMPANY 

1019  WEST  VAN  BUREN  STREET  CHICAGO 


High  Frequency 
Magnetron  Generators 

In  a  paper  “The  Magne  .'on  as  a  High 
Frequency  Generator”  appearing  in 
the  October  issue  of  the  Journal  of 
Applied  Physics,  a  survey  of  the 
various  types  of  magnetron  generators 
is  made  by  G.  R.  Kilgore  with  par¬ 
ticular  reference  to  their  performance 
and  limitations  at  ultra  high  fre¬ 
quencies. 

After  giving  in  some  detail  the  vari¬ 
ous  types  of  magnetron  generators 
which  may  be  used  in  the  ultra  high 
frequency  region,  and  outlining  some 
of  the  limitations  of  circuit  and  power 
output,  the  author  concludes:  “In  one 
mode  of  operation  where  the  oscilla¬ 
tions  depend  on  a  static  negative  resis- 


The  FIRST  compact^ - — — 

30-Step  “Tee"  Network  Atteni 
ever  offered  at  a  LOW  COST 


It  is  perfect  as  a  mixer  and  a  master  gain  control  for  low-level 
mixing.  The  new  Attenuator  has  zero  insertion  loss,  constant 
impedance  both  in  and  out  of  all  settings  and  at  all  frequencies 
within  the  desired  range,  and  the  lowest  attainable  noise  level. 

Size  only  2*/,’  diameter  by  2  1/16'  in  depth 
Zero  inaertion  lot* 

Frequency  error:  None  over  the  range  of  30 
to  17.000  Cps. 

Reeistort,  unifllar  wound.  Price  SI7.$0 

Write  for  Bulletin  534 

The  following  impedances  stocked  for  immediate  shipment: 

30/30  125/125  250/250  500/200  3050 

50/50  200/200  500/500  600/600  50  200 

Special  Impedances  and  Attenuation  Upon  Request. 


30  Stepa  of  Attenuation 
Laminated  poaitive  wiping  type  twitch 
Low  noite  level.  Below — IM  Ob. 
Shielded  from  alactrical  diaturbancei 
Rugged — light  weight 


THE  DAVEN  CO.,  158  Summit  St.,  Newark,  N.  J 


Martufaeturera  of. 


Single  A  Dual 
Potentiometert 
Special  Rotary  Switehaa 
Filament  Rheoftata 
Mixer  Panela 


Variable  A  Fixed 
Attenuaton 
Fadert 

Volume  Indicator* 
Output  Meten 


Line  Equalizert 
Attenuation  Boxet 
Muttiplier* 

Super  Oavohmi 
Laboratory  Equipment 


Speech  Input  Control 
Apparatus 
Oecade  Reaittaneet 
Raalttancet 
Oavohmg 
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tance,  the  maKnetron  offers  a  means 
of  generating  larger  amounts  of  power 
at  wave  lengths  below  100  cm.  than 
can  be  generated  by  any  other  type 
of  vacuum  tube  generator  at  the  pres¬ 
ent  time.  In  another  mode  where  the 
oscillation  mechanism  depends  upon 
electron  transit  time,  the  magnetron 
offers  a  means  of  generating  the 
.shortest  continuous  radio  waves. 

“The  negative  resistance  magnetron 
is  particularly  useful  in  the  range 
of  wave  lengths  extending  roughly  j 
from  100  cm.  to  30  cm.  Radiation 
cooled  tubes  of  this  type  are  capable 
of  generating  power  of  the  order  of 
50  watts  at  a  wave  length  of  .50  cm., 
and  special  water  cooled  tubes  can 
deliver  more  than  100  watts  output  at 
the  same  wave  length. 

“The  transit  time  magnetron  is  use¬ 
ful  in  generating  high  frequency  cur¬ 
rents  at  wave  lengths  below  30  cm. 
Power  output  of  a  few  watts  can  be 
generated  at  wave  lengths  around  10 
cm.  and  dependable  currents  can  be 
generated  at  wave  lengths  as  short  as 
a  few  millimeters.” 


Selenium  R€H*tifier 

For  many  years  the  variation  of 
resistance  of  selenium  as  a  function 
of  the  impinging  light  flux  has  been 
known  and  has  been  utilized  'in  a 
number  of  electro-optical  applications. 
The  use  of  selenium  as  a  power  recti¬ 
fier  is  a  more  recent  development  but 
is  rather  thoroughly  covered  in  the 
article  “The  Selenium  Rectifier”  by 
Erich  Kipphan  in  the  July  issue  of 
Electrical  Communication,  issued  by 
the  International  Standard  Electric 
Corp. 


Note;- 

Scalfof  r*v»rsc 
corr*ot  ordinat* 

•  of  forward 

corr*n<  ord.naf* 


Rovors*  direction  ™ 
10  B  6  4  t 


Volt* 


cm*  T  ' 


2  4  volts 

forward  dirocfion 


Revors*  Corron 


Selenium  rectifiers  were  first  used 
for  charging  storage  batteries  but 
were  later  u.sed  to  supply  direct  cur¬ 
rent  from  the  a-c  main  without  the 
use  of  an  intermediate  battery.  They 
have  also  been  used  to  supply  power 
for  electro-acoustic  systems,  electro¬ 
plating,  or  welding  applications.  They 
may  also  be  used  as  spark  quenchers 
for  industrial  circuits,  for  instrument 
rectifiers,  as  well  as  for  detectors  in 
high  frequency  work. 

The  article  by  Dr.  Kipphan  gives 
some  rather  complete  curves  and  tech¬ 
nical  characteristics  of  selenium  rec¬ 
tifiers  and  discusses  the  use  of  these 
rectifiers  for  various  industrial  appli¬ 
cations. 


SNotking 

takes  the 
place  of 

EXPERIENCE 

That's  why  leading  radio 
manufacturers  rely  on 

Goaf  Radio  Tube  Parts 
and  Service 

(Illustration  shows  just  a  few  repre¬ 
sentative  types  of  Shields — one  of  the 
many  classes  of  tube  parts) 


Goat  Radio  Tube  Parts,  Inc. 

3  14  DEAN  ST., 
BROOKLYN.  N.  Y. 


MODEL  10  - E.  20  STEPS.  L-TYPE 

Desipned  for  use  with  Weston  O  Level  DB  meter. 
Lives  a  ranpe  of  0  to  40  db.  attenuation.  Impedance 
output — .5.(XX)  ohms.  All  resistors  non-inductively  wound 
with  Constantan  Alloy  and  held  to  within  1/10%. 
Designed  for  ruppcdness  and  smooth  operation.  Shaft 
lubricated  with  a  permanent  non-freezing  graphite 
compound. 

Standard  sizes:  0  to  -|-40,  5,000  ohms;  —10  to  -f30, 
5.000  ohms;  — 10  to  "tSO,  1,500  ohms.  Special  tvpes 
made  to  order. 

Write  for  details  and  prices. 

CINEMA  ENGINEER 

7606  Santo  Monica  Blvd. 


OTHER  PRODUCTS 

Non-inductiv«ly  wound 
Resistors 
Can-typo  Pads 
High  quality  Rack  and 
Panol  Equipment. 

Full  details  on  request. 

I  N  G  CO. 

Hollywood,  Col. 


SIGMA  RELAYS 

MODEL  2-A 

A  12  milliwatt,  D.  C.,  somi-eonsitiTo  instrsunonl  lor 
general  electronic  and  industrial  uses. 

ConirotM  150  watts,  noninductive  load,  at  115 
volts,  A.  C.,  on  single-pole  double-throw 
silver  contacts. 

List  Price 


With  coil  resistances  up  to  2,000  ohms .  SS.OO 

With  higher  coil  resistances .  5 AO 


MODEL  M 

Embodies  Tobe  Mu-Switch.  Input,  SO  milliwatts,  D.  C., 
Controls  1  kilowatt,  noninductive  load,  at  IIS  volts, 
A.  C.,  on  single-pole  double-throw  contacts. 

List  Price 


With  coil  resistances  up  to  2,000  ohms .  S7.00 

With  higher  resistances .  7 AO 


Both  models  are  mounted  on  5-proag  base  to  plug  Into 
standard  tube  socket. 

SIGMA  INSTRUMENTS,  INC. 

388  TRAPEIO  ROAD  BELMONT.  MASS. 


ELECTRONICS  — December  1937 


59 


REMOTE 

AMPLIFIER 


Frequency  in  Megacycles  Per  Second 
0 _ ISO  300 _ I^OQJPOO 


20,000 


10,000 


5,000 

3,000 

2,000 


10  &  3  2  I  OS  03  a?  ai 

We»ve-I*nq1h  In  Meters 


The  1  2y  is  the  smallest  and 
most  compact  single  chan¬ 
nel  amplifier.  It  more  than 
meets  every  exaction  which 
can  be  placed  upon  it  by 
modern  broadcasting. 


RADIO  COMPANY 


CEDAR  RAPIDS  IOWA 

NKW  YOKK.  N.  Y 1 11  «  KST  42  STKEET 


Although  Barkhausen  and  magne¬ 
tron  tubes  are  finding  extensive  use  in 
the  ultra  high  frequency  range  as  os¬ 
cillators,  amplification  which  is  possi¬ 
ble  with  the  triode,  together  with  ease 
of  modulation  and  the  improvements 
in  design  of  high  frequency  triodes 
and  similar  negative  grid  tubes,  leads 
the  author  to  conclude  that  the  nega¬ 
tive  grid  tube  will  be  able  to  meet  the 
demands  of  the  circuit  designer  for 
some  time  to  come. 


FASTEST  LENS  ON  MT. 
WILSON  SPECTROGRAPH 


Dr.  Milton  Humason  of  the  Mt. 
Wilson  Observatory  inspects  the 
f  /0^9  lens  which  has  recently  been 
installed  on  the  astronomical  spec¬ 
trograph.  It  is  believed  to  be  the 
fastest  photographic  lens  ever  con¬ 
structed,  and  has  more  than  halved 
the  necessary  speed  of  exposure 


Triodes  Operated  at 
High  Frequencies 

Some  of  the  fundamental  limitations 
which  appear  at  ultra  high  frequencies 
with  negative  grid  three  element  tubes 
used  as  oscillators  or  power  amplifiers 
are  discussed  by  A.  L.  Samuel  in  the 
October  issue  of  the  Journal  of  Applied 
Physics  under  the  title  “Extending  the 
Frequency  Range  of  the  Negative  Grid 
Tube.” 


Pow*r  output  TortuB  wovelongth  lor 
a  numbor  of  commorcially  avoilablo 
and  oxporiinontal  tubes.  All  tubos  show 
a  sudden  decrease  in  output  at  a 
critical  frequency.  The  dotted  line 
shows  the  present  limit  of  high  fre¬ 
quency  operation  of  triodes. 


MANUFACTURERS-ASSEMBLERS 


PRECISION  coils  are  all  that  the  name  ^ 

implies.  Made  to  meet  modem  demands  t  ^^e>  MM 

for  inductances  rigidly  held  within  sped-  sgnW  4 

fied  tolerances,  they  give  increased  gain  MM> 

and  improved  over-all  performance  in  any 

type  of  receiver.  mm 

Coils  for  every  purpose  ond  to  meet  com-  mm 

petitive  prices  can  be  shipped  promptly  Mm 

in  any  quantity.  Samples  mailed  in  one  Mm 

Send  in  your  specifications,  somples  to  be  fifi 

duplicated,  or  complete  chassis.  Engineering  MM  0  w* 

service  without  charge  or  obligation.  '  ^  MM 

H.  F.  Coils — Antenna  Coils — Oscillator  Coils  .  ^  .  mM 

—  Chokes  —  I.  F.  Transformers  —  Automatic  mm  ^ 

Tuning  Devices.  •  » 

PRECISION  INDUCTANCE  CORP..  591  Broadway.  N.  Y..  U.S.A. 

EXPORT  DIVISION:  100  VARICK  ST.,  NEW  YORK.  Ceblei:  ARLAB  NEW  YORK. 
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AroUKticM: 

Portable  reverberation  meter.  H.  J. 
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Uatherlnft  weather  data  by  balloons 
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pass  . July  28 


AmpllflerM: 
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BriMidcaHtlng: 

Broadcast  station  statistics  (chart).. 
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MANUFACTURING  REVIEW 


News 


4-  According  to  an  announcement  made 
on  Nov.  16  by  David  SarnofT,  president 
of  the  Radio  Corporation  of  America, 
Ralph  R.  Beal,  has  been  placed  in  the 
newly  created  position  of  research  di¬ 
rector  of  that  company.  For  the  past 
year  and  one-half  Mr.  Beal  has  been 
supervisor  of  the  RCA  television  field 
tests.  Mr.  Beal’s  new  duties  will  be  to 
coordinate  the  activities  of  the  research 
men  in  the  various  RCA  subsidiary  or¬ 
ganizations  and  to  guide  all  research 
activities  so  that  there  will  be  no  du¬ 
plication  of  effort.  This  step  has  been 
made  necessary  by  the  extensive  re¬ 
search  activities  of  the  RCA  and  its 
affiliates  which  are  being  conducted  at 
Camden  and  Harrison,  N.  J.,  River- 
head,  L.  I.,  as  well  as  in  various  parts 
of  New  York  City. 

The  new  RCA  research  director  is  an 
alumnus  of  Leland-Stanford  University 
and  has  been  continuously  active  in 
radio  engineering  since  1912. 

Dr.  Frederick  Bedell,  for  many  years 
professor  of  physics  at  Cornell  Univer¬ 
sity,  has  retired  from  teaching  and  will 
devote  himself  to  research  in  the  elec¬ 
tronics  field  at  Cornell  as  well  as  in 
the  R.  C.  Burt  Scientific  Laboratories 
at  Pasadena,  Calif.  In  the  electronics 
field.  Dr.  Bedell  is  perhaps  best  known 
for  the  sweep  circuit  which  bears  his 
name. 

In  the  decorative  group  of  the  second 
Modern  Plastics  competition  which 
closed  October  16,  radio  cabinets 
played  an  important  part.  A  Kadette 
radio  cabinet  made  of  fiberloid  by  Paul 
Norris  for  the  International  Radio 
Corporation,  of  Ann  Arbor,  Mich.,  won 
second  prize.  Third  honorable  mention 
was  given  to  a  cabinet  made  of  durez 
and  beetle  by  the  American  Insulator 
Corporation  for  the  Colonial  Radio 
Corporation  of  Buffalo,  N.  Y. 

The  Board  of  Directors  of  the  Stew¬ 
art- Warner  Corporation  declared  an 
extra  dividend  of  25  cents  per  share 
on  the  capital  stock  of  the  Corporation 
in  addition  to  the  regular  semi-annual 
dividend  of  like  amount  on  October  23. 
Both  were  payable  December  1  to  stock¬ 
holders  on  record  November  5.  At  the 
same  time,  the  Board  announced  that 
the  consolidated  net  earnings  for  the 
first  quarter  of  1937  are  equivalent  to 
almost  44  cents  a  share  of  capital 
stock,  an  increase  of  approximately  6 
cents  a  share  over  the  38  cents  a  share 
earned  in  a  similar  period  of  1936.  Net 
earnings  for  the  third  quarter  of  the 
current  year  amounted  to  $542,625,  as 
compared  with  $469,795  for  the  third 
quarter  of  1936. 


Completion  of  a  new  assembly  plant, 
fully  equipped  for  the  manufacture  of 
heavy  industrial  transformers  has  been 
effected  and  manufacturing  opera¬ 
tions  are  being  carried  out  in  it,  ac¬ 
cording  to  an  announcement  by  the 
American  Transformer  Co.,  178  Em¬ 
mett  St.,  Newark,  N.  J.  The  new 
branch  factory  is  at  273-301  Emmett 
St.,  Newark,  and  was  built  for  the  pur¬ 
pose  of  enabling  the  company  to  direct 
more  intensive  effort  on  the  sale  and 
manufacture  of  large  transformers,  in¬ 
cluding  distribution  and  power  trans¬ 
formers. 

Immediate  construction  of  a  fully 
modem,  air  conditioned  plant,  at  a 
cost  exceeding  $125,000  is  being  under¬ 
taken  by  Motiograph,  Inc.,  according 
to  an  announcement  by  Joeeph  B. 
Kleckner,  President.  The  new  plant  will 
be  located  at  4431  West  Lake  Street, 
Chicago,  where  Motiograph  will  have 
available  complete  facilities  for  the 
fabrication  of  amplifiers,  horns  and 
sound  reproducer  heads,  and  similar 
equipment.  A  research  laboratory  will 
also  be  included  in  the  building. 

•♦•On  November  11  Stewart- Warner 
Corp.  announced  the  purchase  of  plant 
No.  2  of  the  Marmon  Motor  Car  Co. 
at  Indianapolis,  Ind.  By  this  purchase, 
Stewart- Warner  acquired  22  acres  of 
land  and  buildings  aggregating  539,000 
sq.ft,  of  floor  space.  All  refrigeration 
manufacturing  operations  will  be  trans¬ 
ferred  from  Chicago  to  this  new  plant 
in  Indianapolis. 

•4  A  dividend  of  $1  per  share,  payable 
to  common  and  preferred  stockholders 
on  record  as  of  November  9  was  de¬ 
clared  by  the  Board  of  Directors  of  the 
Westinghouse  Electric  &  Mfg.  Co.  re¬ 
cently.  This  is  the  fourth  dividend  de¬ 
clared  this  year,  bringing  the  total  up 
to  $4  per  share.  Net  income  for  the 
nine  months  was  $16,726,520  as  com¬ 
pared  with  $11,123,706,  or  an  increase 
of  50  per  cent  over  the  corresponding 
period  for  1936. 

•4  Ellery  W.  Stone,  in  charge  of  the 
radio  telephone  and  radio  telegraph 
operations  of  the  International  Tele¬ 
phone  &  Telegraph  Corporation  and 
its  subsidiaries,  has  been  elected  vice- 
president  of  All  America  Cables,  Inc. 
Mr.  Stone  will  be  in  active  charge  of 
the  radio  activities  of  that  company 
throughout  its  system  as  well  as  of  the 
radio  communication  activities  of 
other  I.  T.  &  T.  subsidiaries. 


•4  Immediate  construction  of  new 
broadcast  studios  for  the  National 
Broadcasting  Company  in  Hollywood 
was  recently  announced  by  Lenox  R. 
Lohr,  NBC  President,  replacing 
modernistic  studios  erected  only  two 
years  ago.  The  new  site  comprises 
approximately  5  acres,  two  city  blocks 
square. 

■4  Dr.  Paul  Dyer  Merica,  director  of 
research  of  the  International  Nickel 
Company  and  vice-president  of  the 
International  Nickel  Company  of  Can¬ 
ada,  has  been  awarded  the  1938  John 
Fritz  gold  medal,  highest  of  American 
engineering  honors  for  “important 
contributions  in  the  development  of 
alloys  for  industrial  uses.” 

■4  Crowded  out  of  its  present  quarters 
in  Upper  Montclair  by  the  rising  vol¬ 
ume  of  business  and  the  positive  in¬ 
dication  of  expanding  applications  of 
cathode  ray  tubes,  the  Allen  B.  DuMont 
Laboratories  will  move  into  their  own 
factory  building  at  2  Main  Avenue, 
Passaic,  N.  J.,  about  the  first  of  the 
year. 

•4  Organized  for  the  purpose  of  manu¬ 
facturing  high  quality  permanent 
magn^et  loud  speaker  units,  the  Uni¬ 
versity  Laboratories  have  recently 
opened  their  offices  at  191  Canal  Street, 
New  York  City.  The  company  is  pre¬ 
pared  to  do  repair  work  as  well  as  to 
manufacture  equipment  to  order. 

■4  Philco  celebrated  the  manufacture  of 
its  ten  millionth  radio  receiver  by  pre¬ 
senting  this  receiver  to  the  Walter 
Reed  Hospital,  in  Washington,  D.  C.  on 
Armistice  day.  It  was  given  to  the 
veterans  in  the  hospital  by  the  Philco 
Radio  &  Television  Corp.  and  presented 
by  Boake  Carter,  radio  news  commen¬ 
tator.  Replicas  of  the  ten  millionth 
Philco  receiver  were  presented  simul¬ 
taneously  with  the  Armistice  Day  cere¬ 
mony  at  Walter  Reed  Hospital  to  the 
various  veterans  hospitals  throughout 
the  country. 

4- The  election  of  G.  A.  Throckmorton, 
as  president  of  RCA  Manufacturing 
Company,  Camden,  N.  J.,  was  recently 
announced  by  David  Sarnoff,  president 
of  RCA  and  chairman  of  the  board 
of  directors  of  the  Manufacturing 
Company.  Mr.  Throckmorton  had  been 
executive  vice-president  of  the  RCA 
Manufacturing  Company  and  the 
operating  head  following  the  retire¬ 
ment  in  April  of  E.  T.  Cunningham, 
former  president. 
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OUTPUT  I 


25- Watt  Triode 

Suitable  for  operation  at  maximum 
rated  input  at  frequencies  as  high 
as  60  megacycles,  and  designed  to 
provide  high  plate  efficiency  with  low 


driving  power,  the  RCA  Manufacturing 
Company  of  Harrison,  N.  J.,  announce 
the  type  RCA-809  transmitting  triode. 
For  class  B  service,  the  maximum 
plate  dissipation  is  25  watts. 


I-F  Transformer 8 

A  NEW  LINE  of  standard  intermediate 
frequency  double  tuned  transformers 
has  recently  been  placed  on  the  market 
by  the  Meissner  Manufacturing  Com¬ 
pany,  Mount  Carmel,  Ill.  Because  of 
the  wide  range  to  which  these  trans¬ 
formers  may  be  tuned,  only  four  types 
of  transformers  are  required  to  tune 
to  any  frequency  from  121  to  650 
kilocycles. 


12  years  specialization  in  this  field  enable  us  to  offer  complete 
service  in  special  applications.  Vitreous  enamel  resistors  —  fixed, 
tapped,  adjustable— with  various  accessories  for  any  conceivable 
requirement.  Porcelain-vitreous  enamel  rheostats  with  exclusive 
fully  inclosed  positive  contact  system  —  covered  by  patents. 

Let  ui  send  literature  on  our  complete  line  of  control  devices  ,  ,  . 
and  remember  the  mark  means  reliable  rheostats  and  resistors. 


136  PENNINGTON  ST  R  E  ET  —  N  E  W  A  R  K,  N.  J 


Portable  Audio  System 

The  model  108  portable  public  address 
system  manufactured  by  the  Operadio 
Manufacturing  Company,  St.  Charles, 
Ill.,  is  rated  at  8  watts  normal  and  15 


NEW  UNIVERSAL  DYNAMIC  MICROPHONE 

100%  SATISFACTION 


Self  energizing.  Not  affected  by  heat  or  climate. 
An  amazing  sound  development.  Impedances  33  or 
50  or  200  or  500  ohms.  Also  high  Impedance  direct 
to  grid.  Frequency  response  40-8000  C.  P.  S.  Out¬ 
put — 58  db. 

Microphone  Division 

UNIVERSAL  MICROPHONE  CO..  LTD. 

424  WarrcR  Lqh*  iRglewood,  Calif.,  U.  S.  A. 


List  $44.50 
with  25  ft.  cable 


ifORLDWi^ 


watts  maximum.  It  is  small,  compact 
and  adaptable  to  practically  any  use 
where  a  public  address  system  is  re¬ 
quired. 


Many  stations  find  this  exact  measuring  serv- 
ice  of  great  value  for  routine  observation  of  **VC*>^ 
transmitter  performance  and  for  accurately 
calibrating  their  own  monitors. 

MEASUREMENTS  WHEN  YOU  NEED  THEM  MOST 
at  any  hour  every  day  in  the  year 

R.C.A.  COMMUNICATIONS,  Inc. 

Commercial  Dept. 

A  RADIO  CORPORATION  OF  AMERICA  SERVICE 

66  BROAD  STREET  NEW  YORK,  N.  Y, 


Midget  Volume  Control 

Midget  volume  controls  with  300  deg. 
effective  rotation,  and  known  as  the 
series  37  and  37-F  (with  switch)  have 
been  recently  released  by  the  Clarostat 
Manufacturing  Company,  Inc.,  285 
North  Sixth  Street,  Brooklyn,  N.  Y. 
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Marine  'Speakers 

Especially  designed  to  operate  under 
adverse  weather  conditions,  such  as  on 
ocean-goinK  ships,  the  marine  speaker 
built  by  the  University  Laboratories, 


191  Canal  Street,  New  York  City,  is 
constructed  to  conform  with  the 
specification  required  by  the  Bureau 
of  Marine  Inspection  and  Navigation. 


Radio  Hardware 

A  COMPLETE  LINE  of  small  hardware 
assortments,  intended  for  electrical, 
radio  and  automotive  service  shops  and 
for  home  use  by  amateur  craftsmen,  is 
being  brought  out  by  the  Insuline  Cor¬ 
poration  of  America,  25  Park  Place, 
New  York  City. 


Loud  Speaker  System 

Developed  to  fill  the  need  for  a 
superior  quality  speaker,  economically, 
the  Lansing  Manufacturing  Company, 
of  Los  Angeles,  Calif.,  announces  its 


new  Iconic  loud  speaker  system.  This 
system  includes  a  high  frequency  unit 
for  use  up  to  10,000  cycles  and  a  mul¬ 
ti-cellular  horn  which  gives  uniform 
eoverage  over  an  angle  of  80  deg. 


'Du  Monf%2«168 

5  Uvclt  • 

OSCILLOGRAPH 


The  most  precise  and  convenient 
method  of  studying  phase  relation. 
An  accurate  method  of  observing 
the  translation  of  non-electrical  phe¬ 
nomena  in  graphical  form. 

For  studying  the  limits  of  vacuum 
tube  characteristics  without  the 
danger  of  long-time  overloads. 

For  Complete  Specifications 
—  Write  — 

ALLEN  B.  DU  MONT  LABORATORIES,  INC. 

UPPER  MONTCLAIR  NEW  JERSEY 


Your  nauw  stamped  in  Gold  on  this  hook  FREE 


no  additional  cost  to  you,  we  will  stamp  your  name,  or  a 
friend's  name,  in  gold  on  the  front  cover  of  any  copy  of 
Henne>'s  Radio  Engineering  Handbook  ordered  from  this  ad¬ 
vertisement.  This  is  a  special  Christmas  offer,  limited  to  accept¬ 
ance  before  January  1,  1938. 

Henney’s 

Radio  Engineering  Handbook 

2nd  Edition.  S50  pages,  667  illustrations,  flexible,  $5.00 

The  radio  engineer’s  standard  handbook  of  principles,  prac¬ 
tice,  and  technical  data.  Covers  all  fields  and  aspects  of 
radio  engineering  from  fundamentals  to  such  subjects  as  aircraft 
radio,  facsimile  transmission,  sound  motion  pictures,  etc.  Now 
fully  revised,  enlarged  and  brought  up  to  date  with  new 
diagrams,  tables,  charts,  formulas,  design  equations  and  data. 


r  I?-ADI0 
^'NEERIng 

“avdbook 


Do  you  want  to  make  a  friend  a  gift  combining  personal  thoughtfulness  with  real 
utility?  Do  you  want  a  copy  of  this  big  Handbook  that  you  will  doubly  prize?  Then 
take  advantage  of  this  free  stamping  offer.  Send  the  coupn  today.  (Proper  remit¬ 
tance  should  be  enclosed  with  order  and,  of  course,  stamped  copies  are  not  returnable.) 

. . . . . . . . . 

:  SPECIAL  HOLIDAY  OFFER  COUPON  : 

;  McGraw-Hill  Book  Co.,  Inc.,  330  W.  42nd  St.,  N.  Y.  C.  : 

S  Send  me  Henney's  Radio  Engineering  Handbook  according  to  the  terms  checked:  a 

a  Q  With  name  stamped  in  gold.  I  enclose  $5.00  and  understand  that  stamped  books  J 

S  are  not  returnable.  (Offer  expires  Jan.  1,  1938.)  ■ 

a  □  For  10  days’  examination;  without  gold  stamping.  1  will  send  $5.00  plus  few  cents  ■ 

2  postage  in  10  days  or  return  book  postpaid.  (Postage  paid  if  cash  accompanies  2 

a  order.  a 

a  Print  name  to  be  stamped,  hrre  ■ 


Name  . 

Address  . Position  . 

City  and  State.. .  Company . 

(Books  sent  on  approval  In  U.  S.  and  Canada  only.)  It  12-37 
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REMLER-THE  RADIO  FIRM  AS  OLD  AS  RADIO 


New  Features 


Improvements  provide  unequalled  ease  of 
operation  and  long  life.  Attenuation  vari- 
aole  in  27  steps  of  1-2/3  db.  per  step  up 
to  45  db.  fading  in  3  additional  increasing 
steps  from  45  db.  to  infinity.  Attenuation 
change  halved  as  switch  arm  spans  adja¬ 
cent  contacts  resulting  in  attenuation  of 
5/6  db.  per  step.  Impedance  practically 
constant  over  entire  range  of  the  paa. 
Standard  impedances  of  50,  200,  250  and 
500  ohms,  bpecial  values  to  order. 

•  BALL  BEARING  ROTOR  SHAFT. 

•  CLOCK  SPRING  PIGTAIL 
CONNECTIONS. 


pany  of  Chicago  features  a  direct- 
reading  scale  which  may  be  used  on 
any  of  the  five-bands  for  which  the 
generator  operates. 


3-iiich  Oscilloscope 

Intended  for  complete  visual  align¬ 
ment  and  servicing  of  radio  receivers 


LA-S  LADDER 
TYPE— NET 


You  Can  Secure  Custom  Built  Transformers,  Auto-Transformers,  Chokes, 
Reactors,  Etc.  Built  Exactly  to  Your  Specifications  by  "Newark"  for 
Little  More  or  Possibly  Less  Than  "Stock"  EquipmentI 
A  List  of  the  Customers  of  "Newark"  Reads  Like  a  Directory  of  the 
Electronics,  Radio  and  Electrical  Field  I 

That  "Newark"  Can  Give  You  Prompt  and  Dependable  Service. 

Send  Your  Spedficafions  and  Order  for  That  Transformer  fo  ''Newark." 
Specioliziag  ia  eastoM  baiit  traasfenaars  for  aaoriy  two  daeadat. 

NEWARK  TRANSFORMER  CO. 

IS  FRELINGHUYSEN  AV.  NEWARK.  N.  J. 

Taiapheaa:  ligalew  3-3577-8 


when  used  with  any  good  frequency 
modulator  or  frequency  modulated 
oscillator,  the  type  RFO-6  3-inch  oscil¬ 
loscope  is  introduced  by  the  Hickok 
Electrical  Instrument  Company  of 
Cleveland,  Ohio. 


Plug-in  Condensers 

Condensers  that  plug  into  tube 
sockets,  thus  making  replacements  and 
alterations  as  simple  as  tube  changes. 


WAXES  •  COMPOUNDS  •  VARNISHES 
for  ELECTRICAL  INSULATION 


Zophar  offers  prompt  service  on  Insulating  Compounds  for 
a  wide  variety  of  elactrical  applications,  including: 

.  .  .  insulation  for  CONDENSERS,  TRANSFORMERS.  COILS,  power 
packs,  pot  haads,  sockets,  wiring  devices,  wet  and  dry  batteries,  etc. 
Also  WAX  SATURATORS  for  braided  wire  and  tape.  WAXB  for 
radio  parts. 

Special  compounds  made  to  your  order. 


ZOPHAR  MILLS  INC 


Brooklyn,  N.  Y. 

FOUNDED  1846 
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iue  to  tight  coupling  to  the  a-c 
jource  are  automatically  eliminated 
in  substitution  measurements  by  any 
resonance  method.  The  errors  are 
usually  caused  by  residual  induct¬ 
ance  and  resistance  in  the  standard 
condenser  (cf.  Field  and  Sinclair, 
Proc.,  I.R.E.,  Feb.  1936). 


Rochester,  1937 


(Continued  from  page  15) 


Vibrational  Tube  Analysis 
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Professional 

Services 


Rates  on  Application 


BLILEY  ELECTRIC  CO. 

Dttignert — Uanufacturert 

Quarts  Crystals  for  standard  or  special 
radio  frequency  applications. 

Inquiries  Invited. 

SOO  Union  Station  Bids. 

Erie.  Penna. 


CHARLES  EISLER 

KIBLJER  ENGINEERING  CO. 
OsuMilinp  and  Desipninp  Engineer 
Beotrlo  Weldint  Uschlnes  tor  UeUl  Tubes 
Blaetile  Wsldlns  Problenu.  High  Vsruum 
Oompound  Puinia,  Soft  and  Hard 
OUas  Working  Equipment.  Hadlo  and 
Klectroolc  Tubs  Uachlnerr 
fU  So.  ISth  St  Newark.  N.  J. 


ELECTRICAL  TESTIN© 
LABORATORIES 

Charactsristies  and 
14/*  T**ti  of  Vacuum  Tube* 

Iksts  of  photo  sella,  glow  lamps,  crater  lamps. 
Tists  of  electronic  and  optical  derlcea. 
loth  Street  and  East  End  Avenue 
New  Torlc,  N.  T. 

Phone:  Butterfield  1-2600 


THAD.  R.  GOLDSBOROUGH 

■■OISTBBCD  rarSMT  ATTOSNr' 
Patsat  and  Tradsmork  Boliciting 
Consulting  Service 

Patent  Sale  and  Ucense  Nefotlatlons 
lOl'tOB  McLAchlen  Building 
Washington,  D.  C. 


INTERNATIONAL  ELECTRONICS,  INC. 

AMERICAN  CONSULTING  ENGINEERS  TO 
FOREIGN  MANUFACTURERS 

Desicns  .  Specifications 

Electrolytlca  .  Tubes  .  Resistors 

Transmitters  .  Heeelrers 

I4S  W.  45tti  Street  New  York.  N.  Y. 

Cable: —  Intsrsngin,  Nsw  York 


HAROLD  J.  McCreary 

Mam.  AI.E.E  A  W.&E. 

Consulting  Enginuar 

Reaeareh  Electronlos 

Derslopaiaot  Telerlalaa 

Design  Radio 

Eaetory  Prmotlas  Railroad  wigrt.iing 

Patsat  Btudlsi  Telephooy 

III  W.  Adssis  St  CblesK.  lit 


THE  SOLETIOOV  OF 
YOUR  PROBLEM 

in  the  field  of  Electronic  devices  may 
be  found  through  enlisting  the  lervices 
of  the  Consultants  whose  cards  appear 
on  this  page. 

This  is  a  highly  specialized  field  and 
specialists  are  therefore  better  able 
to  undertake  the  rapid  developments 
necessary  to  keep  in  step  with  modern 
manufacturing  progress. 


For  Unexcelled  Quality  in 
Recording  and  Reproducing 


SAJAV:.??;;."  motors 

In  SAJA  Dual-Speed  synchronoiu 
Motors  the  change  is  effected  by 
simple  electrical  switching.  There 
are  no  mechanical  speed  changing  de¬ 
vices  to  impair  quality. 

SAJA  Motors  incorporate  basic  U.  S.  patent- 
proteaed  features  on  synchronous  motor 
design  including: 

Absolutely  Constant  Speed 
High  Torque  and  Efficiency 
Negligible  Vibration 
Gearless  Construction 

Minimum  Mounting  Space  and  Servicing 
Ask  for  OUT  latest  Bulletin  on  Saja  Motors. 

SOUND  APPARATUS  CO. 
150  West  46th  Street 
New  York  City 


A  criticism  was  made  by  A.  B. 
Oxley,  RCA  Victor,  Canada,  of  the 
current  method  of  testing  for  micro¬ 
phonics  in  vacuum  tube  production 
using  the  method  of  striking  the 
tube  envelope  with  a  hammer  and 
judging  the  acceptance  limits  either 
by  aural  or  visual  indicators.  Al¬ 
though  such  impact  tests  do  produce 
noise  and  show  up  the  more  flagrant 
cases  of  microphonics,  the  method  is 
one  in  which  the  various  elements 
vibrate  at  their  own  natural  periods. 

To  investigate  the  causes  of 
microphonics,  as  well  as  to  provide  a 
simple  production  test  system  which 
would  detect  tubes  likely  to  produce 
trouble  in  use,  a  vibrating  platform 
was  arranged  upon  which' the  tube  to 
be  tested  was  mounted.  The  plat¬ 
form  was  vibrated  about  0.001  inch 
by  means  of  a  dynamic  loud  speaker 
motor  fed  from  a  beat  frequency  os¬ 
cillator,  so  that  the  tube  could  be 
vibrated  at  any  audio  frequency.  The 
elements  were  connected  to  proper 
voltages  and  circuits  and  the  plate 
current  was  observed  as  the  fre¬ 
quency  was  varied.  Whenever  the 
beat  frequency  reached  a  point  cor¬ 
responding  to  a  resonance  of  one  or 
more  of  the  elements  in  the  tube,  the 
plate  current  increased  sharply.  The 
resonance  peaks  were  recorded  on  the  ] 
screen  of  a  cathode  ray  tube,  and  by 
setting  upper  limits  on  this  screen, 
tubes  could  be  rejected  or  accepted 
in  a  factory  test. 

It  was  found  that  similar  tubes 
had  very  similar  frequency-resonance 
patterns,  most  of  whose  peaks  were 
very  sharp.  By  connecting  various 
elements,  one  at  a  time  to  the 
cathode,  certain  of  these  peaks  dis¬ 
appeared.  Those  which  disappeared 
were  due  to  the  element  connected  to 
the  cathode.  By  a  process  of  succes¬ 
sive  connection-to-cathode,  it  was 


•  For  the  past  15  years  every 
major  improvement  in  the 
electrical  alloy  art  has  been 
sponsored  by  Wilbur  B.  Driver. 

•  And  in  'Tophet  (pronounced 
tof-fet)  you  are  offered  the  sum 
total  of  the  pioneer's  experi¬ 
ence,  skill  and  good  name. 


WILBUR  B  DRIVER  CO 

I 

NEWARK  NEW  J  E  R  $  E  V 


UTAH  RADIO  PRODUCTS  COJ 

,  CHICAGO,  U  S  A. 

>  TORONTO  BUENOS  AlPES  \ 

ONTAAlO  CANADA  UCOA  RADIO  PRODUCTS  CO  ^ 


/possible  to  determine  the  resonances 
of  all  of  the  essential  parts  of  the 
tube. 


Thomson  and  Headrick  Discuss 
Electron  Beam  Focus 


“Space  Charge  Limitation  on  the 
Focus  of  Electron  Beams,”  delivered 
by  Dr.  L.  B.  Headrick,  RCA  Radio- 
tron,  discussed  the  effect  of  space 
charge  on  the  focussing  of  beams 
of  both  circular  and  rectangular 
cross  section  in  vacuum  cathode 
ray  tubes.  It  was  shown  that  with 
the  case  of  beams  of  circular 
cross  section,  the  beam  reaches  a 
minimum  cross  section,  is  no  where 
perfectly  circular,  and,  beyond  the 
minimum  cross  section,  increases  in 
area  more  rapidly  than  distance 
between  the  focal  point  and  the 
screen  of  the  tube.  In  the  case  of 
beams  of  rectangular  cross  section,  it 
was  shown  that  the  minimum  beam 
width  may  become  zero  at  a  certain 
distance  from  the  tube,  beyond  which 
the  width  increases. 


JAGABI''  RHEOSTATS 

MEET  Exacting 
REQUIREMENTS 


Because  they  provide  fine  ad¬ 
justment  and  control  of  electric 
current  over  a  wide  range  .  .  . 
because  they  are  well  made  and 
durable  .  .  .  Jagabi  Rheostats 
are  selected  and  used  by  engi¬ 
neers,  educators  and  research 
workers  .  .  .  especially  those 
who  are  influenced  by  design, 
quality  workmanship  and  per¬ 
formance.  iVett'  Bulletin  J515-E 
describes  various  standard  and 
special  types;  write  for  a  copy. 


JAMES  G^BIDDLE  CO. 


Negative  Ion  Components  of  the 
Cathode  Ray 

C.  H.  Bachman  and  C.  W.  Carna¬ 
han,  Hygrade  Sylvania,  discussed  a 
study  of  negative  ion  components 
made  by  using  the  cathode  ray  tube 
as  a  mass  spectrograph.  Photographs 
of  the  screen  of  the  tube  showed,  by 
the  deflection  of  the  cathode  beam, 
that  there  were  a  considerable  num¬ 
ber  of  negative  ions  within  the  tube. 
Those  which  were  definitely  or  tenta¬ 
tively  identified  include  C,  0„  CH,, 
H,0,  H,0,  CN  or  H.O*,  N  or  HCHO, 


Pnil4I>uj>ni*.  Pa. 


1211-15  Akcm  Stkut 


IDishing  you 
a  very  merry 

►  Christmas 

AND  THE  HAPPIEST  ^ 

«  NEW  YEARSI 


Audio  Curve  Tracer 


I  fftUEtR  at  ChM>***’ 


An  audio  frequency  curve  tracer, 
using  the  image  formed  on  the  screen 
of  a  cathode  ray  tube  for  producing 
the  frequency  response  curve  was  de¬ 
scribed  by  J.  B.  Sherman,  Radiotron. 
The  frequency  determining  ordinate 
is  a  beat  frequency  oscillator  ac¬ 
tuated  by  a  relaxation  oscillator.  The 
frequency  of  the  b-f  oscillator  is 
made  proportional  (by  the  use  of  an 
a-f-c  circuit)  to  the  d-c  voltage  gen¬ 
erated  by  the  relaxation  oscillator. 
As  the  relaxation  and  beat  frequency 
oscillators  are  set  going,  a  trace 
sweeps  across  the  screen  horizontally. 
The  vertical  deflection,  or  amplitude 
ordinates,  are  obtained  from  the 
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ASTATIC’S  MODEL  K-2 
CRYSTAL  MICROPHONE 

THE  HIGHEST  IN  QUALITY 
AND  LOWEST  IN  PRICE 
OF  ANY  CRYSTAL  MICROPHONE 
ON  THE  MARKET 

A  dual  unit,  dual  diaphragia.  non-direc- 
tional  typa  microphone  ol  oultlandinp 
pertormancr.  Cryatal  cartridge  unlit  In 
thock-prool  mounting.  Cannot  bo  acouitic- 
ally  overloaded.  Interchangeable  connoctor, 
Completa  with  cable.  Full  year  guarantee. 

LIST  PRICE  127.50 


Astatic  Microphone  Laboratory,  Inc. 

Dept.  A*6,  Youngstown,  Ohio 

Licenaed  Under  Bruih  Development  Co.  Patenta 


SHALLCROSS 

Decade  Potentiometers 
and 

Decade  Resistance  Boxes 

The  Decade  Potentiometers  are  actu¬ 
ally  precision  decade  voltage  dividers, 
maintaining  a  total  resistance  of 
10,000  ohms  at  any  dial  setting. 


The  standard  Decade  Boxes  are  fur¬ 
nished  in  one  ohm  steps  to  one  meg¬ 
ohm  steps,  in  three,  four,  five  and  six 
decades. 

Accuracy  0.25  of  1% 

Send  for  Bulletin  800-K  giving  a  list 
of  the  many  boxes  available. 

SHALLCROSS  MFG.  CO. 

COLLINGDALE,  PA. 


equipment  under  test.  In  the  demon¬ 
stration  which  was  given,  the  ampli¬ 
tude  was  determined  by  a  loud 
speaker,  fed  by  the  same  beat  fre¬ 
quency  oscillator  as  actuated  the 
cathode  ray  tube  beam,  and  a  micro¬ 
phone  pick-up.  The  demonst.ation 
showed  conclusively  the  various  deep 
humps  and  valleys  in  the  loud  speak¬ 
er  output  which  were  considerably 
“ironed  out”  when  the  microphone 
was  placed  very  clo.se  to  the  speaker. 

A  block  diagram  of  tl.e  cu.ve  trace, 
is  given  on  page  15. 

;  The  equipment  covered  the  entire 
I  audio  frequency  range,  in  either 
logarithmic  or  linear  fashion,  and  a 
method  was  described  in  which  any 
portion  of  the  audio  frequency  spec¬ 
trum  could  be  expanded  at  the  ex¬ 
pense  of  some  other  portion,  so  that 
for  special  studies,  interest  could  be 
given  to  a  portion  of  the  a-f  band. 

High  Efficiency  Modulation 

The  two  methods  of  modulation 
discussed  at  the  convention  at  first 
sight  may  seem  to  be  decidedly  simi-  1 
lar.  One,  the  Parker  .system  de  'crilted 
j  above  was  developed  for  the  p.;rpose 
I  of  securing  wide  bandwidth  for  tele- 
i  vision  purpases  and  the  other  the 
Dome  system,  for  attaining  higher 
efficiency  than  prevailing  in  conven¬ 
tional  systems. 

R.  B.  Dome,  General  Electric,  at¬ 
tains  high  efficiency  (of  the  order  of 
50  to  60  per  cent)  in  a  modulator  by 
modulating  both  grid  and  plate.  Pos¬ 
itive  peaks  are  taken  care  of  by 
shifting  the  load  line;  negative  peaks 
by  modulating  the  grid  of  the  output 
stage. 

By  an  absorption  circuit  coupled 
to  the  antenna  circuit,  the  load  line 
can  be  changed.  The  current  taken 
by  this  absorption  circuit  is  rectified 
by  tubes  whose  grids  are  modulated 
and  the  rectified  current  is  put  back 
into  the  power  supply  system  thus 
reducing  the  power  required.  A  cir¬ 
cuit  equivalent  to  a  quarter  wave¬ 
length  line  shunts  the  modulator 
tubes.  This  line  acts  as  a  variable  re¬ 
sistance  in  effect  across  the  antenna 
circuit.  The  total  input  to  a  50  kw. 
transmitter  of  this  sort  would  be 
about  139  kw.  A  single  2A3  will 
modulate  a  50  watt  amplifier  by  Mr. 
Dome’s  system. 

Measurements  on  Auto  Antennas 

I  Considerable  discussion  resulted 
I  after  the  paper  by  H.  Lyman,  Philco, 
on  the  methods  of  measuring  auto- 
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LEACH  (L|{)  RELAYS 


POSITIVE 

PROTECTION 


For  Your  Power  Tubes.  These  light 
duty  overload  trip  relays  have  a  wide 
field  of  use  as  safety  devices  on  elec¬ 
tronic  apparatus.  Operation  is  un¬ 
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ally  known  concerns  rely  on  Leach 
Relays  for  protection. 


Leach  Relay  Company 
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DEVELOPMENT 

increase  in  the  application  of  electronic 
principles  to  industry  requires  constant  development  of 
transformers  having  new  characteristics  for  new  services. 

STANCOR  today,  as  in  the  past,  is  eager  to  offer  its 
facilities  and  experience  to  any  manufacturer  of  elee- 
tronic  equipment  who  requires  economical  solution  of 
his  transformer  problems. 

ST/Q:oR 

STANDARD  TRANSFORMER  CORPORATION 

850  BLACKHAWK  STREET,  CHICAGO 


CANNON  Cable  Connectors 

World  Wide  Distribution  Thru  Following  Representatives: 


New  York  City.  New  York 

Lewis  &  Sachs  Co. 

220  Plfth  Avenue 
Tel.  CaledonU  6-7573 

Chieego.  Illinois 
Kelbum  EDglneering  Co. 
600  W.  Jackson  Blvd. 
TeL  Haymarket  2421 

Detroit  Michigan 

Public  Address  Systems 
7629  E.  Jefferson  Are. 
TeL  Fltzroy  4700 

Dallos.  Texas 

Edward  F.  Aymond 
3750  Urban  Avenue 
TeL  3-7067 


Seattle.  Washington 
Jas.  J.  Backer  Co. 

109  Bell  Street 
Tel.  Main  9911 
San  Francisco.  California 
George  C.  Maudslay 
835  Darien  Way 
Tel.  Randolph  3334 
Toronto.  Ontario.  Canada 
L.  D.  Caboon. 

Brush  Crystal  Products 
180  Perth  Avenue 
Tel.  Lorn.  0682 
Paris.  Franco 
Nationale  Sodete 
Francalse 

27,  Rue  De  Uaiignan 
Tel.  Balzac  20-44 


Bombay,  India 

Eastern  Electric 
Engineering  Co. 

175  Hornby  Road.  Fort. 
Poet  Box  459 

Sydney.  Australia 
Hayward  C.  Part-sh 
4th  Floor  Stale  Shop¬ 
ping  Block 

Buenos  Aires,  Argentina. 
S.  A. 

W.  Ralmundo  Campbell 
Sucre  2827 

Oslo  22,  Norway 

Maskin-Aktieselskapet 

Zeta 

Dranunensveien  26 


London.  England 
Films  &  Equipments 
Ltd. 

145,  Wardour  Street 
London.  W.  I. 

Tel.  Gerrard  6711/2 

Los  ADgeles.  California 
Graybar  Electric  Co. 
201  Santa  Fe  Avenue 
Tel.  TRinlly  3321 


WIRE  w3u?D^Es!sTORS 


MICROHM  WIRE  WOUND  RESISTORS  qtb  bnUt  on  fhB  ioimdcrtioD  of 
o  QUALITY  PRODUCT  and  con  b«  us«d  as  a  compon*nt  with  th* 
fluMt  oi  preciaion  initnunants.  Manufacturari  Intarastad  in  maintain¬ 
ing  tha  QUALITY  of  thair  apparatus  racognisa  this  marit  of  QUALITY, 
damond  and  usa  only  MICROHM  WIRE  WOUND  RESISTORS.  Prad- 
sion  Rasistor  Company  monufacturas  a  complate  lina  of  all  tyi>as  of 
wira  wound  rasistors  ond  is  aguippad  to  maat  tha  most  rigid  spaci- 
licotions. 

Writs  for  eaialog  and  prices 

PRECISION  RESISTOR  COMPANY 

332  Badgar  Ava.  Nawork.  N.  J. 

Monuiocturarg  oi  custom  built  PRECISION  cmd  INDUSTRIAL  WIRE  WOUND 
RESISTORS. 


TYPE  R  'A 
Watt  (Aotsal 
Size)  Rea.  5 
to  500000  ohmt. 
Aeeuraelet  as 
class  u  l/IO 
of  1%. 


mobile  antennas  at  the  Philco  plant. 
After  describing  briefly  the  charac¬ 
teristics  of  typical  car  antennas  in 
use  at  the  present  time,  a.s  well  as 
the  past,  Mr.  Lyman  described  how 
he  used  a  vertical  rod  antenna  of 
fixed  dimensions  as  a  comparison 
antenna.  The  power  factor,  effective 
height,  capacity  of  unknown  an¬ 
tennas  were  compared  to  this  rod 
which  had  the  dimensions  of  .*V2 
inches  length,  0.3  inches  diameter. 

Dudley  Foster,  RCA  License  Labo¬ 
ratory,  in  discussion  mentioned  the 
fact  that  if  the  rod  antenna  is  .short 
compared  to  a  wavelength  its  effec¬ 
tive  height  is  equal  to  one-half  its 
physical  height  if  erected  on  and  over 
an  infinite  ground  plane.  To  simulate 
this  plane,  a  24  inch  diameter  disc 
around  the  base  of  the  antenna  under 
te.st  was  used. 

Several  of  the  papers  presented  at 
the  convention  are  to  he  found  in 
toto  in  the  RMA  Engineer,  Vol.  2 
No.  1,  and  will  not  be  reviewed  here 
to  any  extent.  Thus  the  paper  by 
A.  V.  Bedford,  “Figure  of  Merit  for 
Television  'Performance,”  “Oscilla¬ 
tion  Stabilization,”  by  C,  E.  Grand- 
quist,  “U.se  of  Negative  Regeneration 
in  Radio  Receivers,”  by  C.  B.  Fisher, 
may  be  found  in  the  RMA  magazine. 

Teledynamic  Control 

Rochester  conventions  are  noted 
for  stimulating,  not  to  mention  occa¬ 
sional  startling,  innovations.  This 
year’s  prize  w’ent  to  the  RCA  License 
Laboratory  for  a  paper  with  a  high 
sounding  title  which  meant  simply  a 
new  and  extremely  interesting  meth¬ 
od  of  remotely  controlling  a'  radio 
receiver — or  any  other  device  operat¬ 
ing  from  the  power  lines. 

Essentially  the  method  consists  in 
generating  a  radio  frequency,  say 
200  or  300  kc.  at  the  remote  control 
point.  This  signal  is  sent  over  the 
power  line  to  the  controlled-receiver 
point.  Here  a  gaseous  tube,  with  a 
breakdown  voltage  of  the  value  of 
70  volts,  is  operated.  By  a  resonant 
circuit  the  entire  break-down  voltage 
may  be  secured  from  the  control  sig¬ 
nal,  or  by  means  of  a  biasing  circuit 
the  gas  tube  may  be  held  contin¬ 
uously  somewhat  under  the  break¬ 
down  point  at  all  times  and  merely 
in  readiness  to  conduct  and  initiate 
the  control  functions  when  the  addi¬ 
tional  voltage  is  secured  from  the 
control  point.  Not  only  can  the  set  be 
turned  on  and  off  but  also  tuned 
and  its  volume  regulated  remotely. 
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By  means  of  using  either  phase 
of  a-c  modulation  on  the  carrier,  two  ! 
functions  may  be  performed.  If  two 
frequencies  and  both  halves  of  the 
cycle  are  used  as  many  as  10  func¬ 
tions  may  be  carried  out.  In  the 
actual  demonstration  4  relays  at  the 
receiver  and  two  frequencies  at  the 
control  point  enabled  the  operators  to 
turn  on  and  off  an  a-f-c  receiver, 
control  its  volume  and  to  tune  in  as 
many  as  6  stations.  With  three  tubes. 
26  functions  could  be  performed. 

From  the  standpoint  of  domestic- 
amity,  however,  the  new  .system 
seems  to  have  certain  disadvantages 
(or  advantages).  Thus  the  decision  j 
as  to  who  in  each  household  controls  ' 
the  receiver  is  not  .settled — the  only 
difference  being  that  the  contestants 
need  not  both  be  near  the  receiver. 
Thus  the  lack  of  single  control  might 
be  even  worse  than  under  pre.sent 
conditions.  If  one  member  wants 
jazz  and  another  opera,  or  one  pre¬ 
fers  loud  noises  while  the  other 
wishes  to  be  lulled  to  sleep  with  all¬ 
bass  cosmetic  bands,  strife  under  the 
teledynamic  system  may  be  just  as 
bad  as  under  the  present  grab-the- 
dial -yourself  system. 


PLUGS— SOCKETS 


Typ€  No.  101  shieldem  oingle  eontoet  plug 
and  Moeket. 

One  type  from  our  line  of  several 
hundrM  electrical  plugs  and 
socicets.  We  also  supply  manu¬ 
facturers  with  terminal  panels, 
standard  or  to  blueprint. 
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HOWARD  B.  JONES 
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Chicago,  III. 
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FOR  OVER  20  YEARS! 
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HIGH  GRADE  NEW  AND  USED 

ELECTRON  TUBE  EQUIPMENT 

Huge  Stock  ol  Equipment  ol 
Ercrp  Tppe  and  V'arietp 
K.\HLE  ENGINEERING  CORPORATION 
Specialists  In  Equipment  and  Methods  for  the 
>tanufacture  of  Neon  Tubes,  Rsdio  Tubes,  Incan¬ 
descent  I.dmpH.  I’hoto  Cells,  X-ray  Tubes,  etc. 
941  IleMott  8t.,  North  Bergen,  N.  J. 


MAGNET  WIRE 
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BRAIDS  AND  CABLES  —  RUBBER  COVERED 
WIRE— LAMP  AND  HEATER  CORDS 
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WIRE  MACHINERY 

B.  D.  LAND 
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ELECTRONIC  TUBE 

NEW  a  EQUIPMENT  a  USED 
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ELECTRONICS  M.VCHINE  CO. 

7.51  13th  Street.  Newark.  N.  J. 
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duced — all  fit  into  that  early  vision 
of  an  American  communication  sys¬ 
tem.  but  in  a  fascinatintr  and  com¬ 
posite  way  that  could  not  be  fore¬ 
seen  by  those  who  were  in  at  the 
start. 

HISTORY 

When  RCA  “took  over”  the  assets 
of  the  Marconi  Wireless  Telegraph 
Company  of  America  existinjf  in 
this  country,  it  inherited  a  factory 
at  Roselle  Park.  N.  ,1..  where  marine 
communication  apparatus  was  made. 
It  also  inherited  .some  jrood  men  with 
the  factory;  men  who.se  jobs  were 
re.search  and  development.  Amonjr 
them  were  H.  Shoemaker,  Roy 
Weajfant  and  F.  H.  Krojrer,  the  last 
of  whom  pioneered  in  entfineerinK 
then,  and  has  been  in  the  forefront 
of  radio  experimentation  since  1902. 
Today  he  uses  his  days  and  his 
imagination  at  Rocky  Point,  Lon^ 
Island,  workinjr  on  projects  2  to  5 
years  in  advance  of  their  practical 
application.  He  makes  no  secret  of 
the  fact  that  at  pre.sent  his  time  is 
beiiiK  spent  on  schemes  involving 
wavelengths  of  fractions  of  a  centi¬ 
meter. 

The  Roselle  Park  plant  was  closed 
in  1920,  and  the  men  who  experi¬ 
mented  there  moved,  some  to  the  site 
of  RCA’s  projected  trans-atlantic 
station  on  Long  Island,  and  some  to 
quarters  at  326  Broadway,  New 
York,  where  marine  commercial  and 


technical  activities  were  continued. 
C.  H.  Taylor,  from  the  Marion, 
Mass.,  station  of  the  Marconi  Com¬ 
pany  joined  the  group  on  Long  Is¬ 
land.  Mr.  Taylor  had  come  to  this 
country  in  1902,  to  participate  in  the 
struggle  to  .send  radio  signals  across 
the  Atlantic  with  reliability.  None 
has  a  better  right  to  look  with  satis¬ 
faction  upon  pre.sent  achievements 
than  he,  becau.se  he  has  had  an  active 
part  in  forcing  stubborn  space  to 
yield  before  relentle.ss  investigation. 
And  yet  if  you  call  upon  him  at  his 
office  today  you  may  find  him  por¬ 
ing  over  reports  of  the  effects  of 
recent  sun  spots  on  short  wave 
transmission.  It  is  not  enough  that 
continuous  communication  is  now  an 
assured  fact;  today  the  job  is  to 
insure  that  nothing  shall  interfere 
with  communication  at  accustomed 
speeds. 

The  first  laboratory  set  up  by  RCA 
was  housed  in  a  tent,  erected  late  in 
1919  at  Riverhead,  Long  Island,  the 
site  of  the  company’s  projected  re¬ 
ceiving  center.  Under  this  canvas 
H.  H.  Beverage,  now  Chief  Research 
Engineer  of  R.C.A.  Communications 
(1937  President  of  the  Institute  of 
Radio  Engineers)  inaugurated  a  pro¬ 
gram  of  field  re.search  in  radio  re¬ 
ception.  Beverage  had  served  with 
Alexanderson  in  General  Electric. 
In  1920,  activities  were  transferred 
to  a  little  w’hite  shack,  fifteen  feet 
square.  This  was  later  enlarged. 


and  the  work  here  was  augmented 
by  another  laboratory  established  at 
Belmar,  N.  J.,  in  one  of  the  build¬ 
ings  acquired  from  the  predecessor 
Marconi  Company. 

During  the  World  War,  the  best 
reception  point  was  located  in  Maine. 
It  was  decided  therefore  to  explore 
possibilities  of  this  location  for  com¬ 
mercial  operation.  The  company  pro¬ 
posed  to  relay  transatlantic  signals 
received  in  Maine  to  New  York  by 
radio  rather  than  by  wire.  Trans¬ 
mission  was  to  be  accomplished  on 
wavelengths  of  about  1600  meters. 


H.  O.  Petersen  and  H.  H.  Beverage 
with  field  strength  measuring  set  a 
Radiola  and  the  first  h-f  signal 
generator  in  a  wash  boiler 
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Communication — broadcast  or  directed,  by  voice  or  music  or  code  or 
sight,  on  him,  or  by  facsimile — is  an  art  based  on  and  maintained  by 
research,  by  exploration  into  new  methods,  new  processes,  new  mate¬ 
rials,  new  mathematics,  new  concepts.  The  millions  of  words  that 
cross  the  seas  in  code,  the  thousands  of  hours  of  entertainment  and 
education  for  millions  of  listeners,  the  ship-to-shore  system,  communi¬ 
cation  between  land  and  aircraft  or  with  land  vehicles — all  hinge  upon 
continued  research.  Radio  Corporation  of  America  plays  a  major  role 
in  this  dramatic  art  of  communication;  its  research  and  development 
activities  are  told  in  the  following  pages  by  the  editors  of  KhcinmicK. 


IT  is  romantic  but  true,  that  the 
Radio  Corporation  of  America, 
the  outstanding  example  of  private 
enterprise  in  the  radio  and  electronic 
arts,  was  formed  at  the  suggestion 
— even  persuasive  insistence — of  offi¬ 
cials  of  the  United  States  Govern¬ 
ment.  At  the  end  of  the  Great  War 
overseas  communication  with  the 
United  States  was  largely  dominated 
by  foreign  capital.  The  only  facili¬ 
ties  bearing  any  semblance  to  a 
commercial  international  system 
were  owned  by  the  Marconi  Com¬ 
pany.  The  Navy  Department, 
with  an  eye  to  a  possible  future 
situation  in  which  this  foreign 
control  might  place  commercial  op¬ 
portunity  above  public  welfare,  saw 


the  chance  to  develop  an  American 
system. 

The  opportunity  that  presented 
itself  was  the  proposed  sale  of  the 
Alexanderson  alternator  to  the  Brit¬ 
ish  Marconi  Company  by  the  General 
Electric  Company,  which  had  de¬ 
veloped  it.  General  Electric  had  prac¬ 
tically  no  other  purchaser — certainly 
no  American  buyer.  And  yet,  at  that 
time,  it  was  the  most  promising 
single  piece  of  apparatus  which 
would  make  possible  transoceanic 
communication  through  space,  and 
could  thus  offer  a  service  in  compe¬ 
tition  with,  and  independent  of, 
underwater  cables. 

So,  on  April  4,  1919,  the  Acting 
Secretary  of  the  Navy,  requested  the 


General  Electric  Company  to  hold  u|» 
its  negotiations  for  the  .sale  of  the 
alternator  until  a  conference  with 
the  Navy  might  take  place.  Out  of 
this  round  table  di.scu.ssion  came  the 
Radio  Corporation  of  America.  The 
new  company  thus  formed  had  for 
its  premises  that  the  United  States 
should  posse.ss  its  own  communica¬ 
tion  system,  and  that  this  should  Ih? 
realized  from  the  practical  opportun¬ 
ity  the  Alexander.son  alternator,  to¬ 
gether  with  the  multiple  tuned  an¬ 
tenna,  offered.  The  entire  hi.story 
of  RCA  since  that  time  has  been 
based  on  the  same  two  premises — 
to  perform  a  .service,  and  to  develop 
technical  equipment  to  improve  and 
expand  that  .service. 

The  commercial  side  of  this  pic¬ 
ture  has  been  told  many  times.  The 
early  history  of  the  company  has 
been  cited  as  an  early  instance  of 
governmental  participation  in  busi¬ 
ness,  because  for  a  while  repre.senta- 
tives  of  the  Government  .sat  in  on 
meetings  of  the  Board  of  Directors. 
The  financial  background  of  the  com¬ 
pany  has  been  told  at  length  in  an 
article  in  the  September,  1932,  i.ssue 
of  Fortune.  But  the  real  background 
of  the  company  is  not  finance,  nor  the 
commercial  give-and-take  of  busi¬ 
ness,  but  technical  organization.  The 
.story  of  this  part  of  the  company’s 
activity  has  not  been  told,  except  in 
fragmentary  form.  Electronics  pre- 
.sents,  therefore,  this  story  of  th( 
research  and  development  activitie.- 
of  RCA.  The  laboratories  and  theii 
products,  the  men  who  man  them 
the  achievements  that  have  been  pro 


First  RCA  laboratory.  Spring  1920.  H.  H.  Beveroge,  H.  L.  Olsen,  Chester  Rice. 
E.  W.  Kellogg,  R.  D.  Greenman 


It  probably  is  remembered  only  by 
those  who  were  actively  engaged  in 
this  work  that  Belfast,  Maine,  was 
the  station  at  which  automatic  radio 
relay  and  multiplex  radio  transmis¬ 
sion  were  first  achieved.  On  a  single 
carrier,  five  separate  channels  carry¬ 
ing  signals  received  from  Europe 
were  imposed,  to  be  unscrambled  at 
Riverhead  into  their  original  compo- 
ents.  At  about  this  time,  C.  W. 
Hansell  took  the  fundamental  work 
with  crystals  of  W,  G.  Cady,  of  Wes¬ 
leyan  University,  and  G.  W.  Pierce 
of  Harvard,  and  applied  it  to  create 
the  first  crystal-controlled  radio 
transmitter.  The  staff  at  Belfast 
found  time,  between  jobs,  to  accom¬ 
plish  the  first  successful  interna¬ 
tional  program,  which  was  received 
from  London  and  automatically  re¬ 
layed  by  radio  to  New  York,  for 
broadcast  over  station  WJZ.  This 
occurred  in  December  of  1924. 

After  many  months  of  commercial 
operation  at  Belfast  it  was  concluded 
that  it  w'ould  be  more  effective  to 
work  with  longer  transatlantic  cir¬ 
cuits,  to  gain  the  convenience  of  hav¬ 
ing  the  point  of  reception  close  to  the 
operating  terminal  at  New  York  City. 
Accordingly,  activities  in  transatlan¬ 
tic  communication  were  consolidated 
at  Long  Island.  Here  H.  H.  Bever¬ 
age,  H.  O,  Peterson,  C.  W.  Hansell, 
J.  L.  Finch,  P.  S.  Carter  and  N.  E. 
Lindenblad  continued  their  feud 
with  2,000  miles  of  ocean,  under 
the  veteran  C.  H.  Taylor. 

Evidence  of  the  effectiveness  of 
this  organized  approach  to  a  com¬ 
mercial,  international  radiotelegraph 
service  is  that,  at  the  end  of 
1920,  the  first  year  of  RCA  opera¬ 
tions,  radio  circuits  had  been  estab¬ 


lished  with  England,  France  Ger¬ 
many,  Norway,  Hawaii  and  Japan. 
These  facilities  included  300  KW  sta¬ 
tions,  400  foot  towers  and  other  gar¬ 
gantuan  items.  Today,  the  complete 
RCA  international  system  is  com¬ 
prised  of  55  circuits  which  link  the 
United  States,  its  insular  territories 
and  the  Philippines  directly  with  45 
countries.  Nowadays  the  bulk  of  the 
traffic  is  carried  on  short-wave  chan¬ 
nels,  using  much  less  bulky,  and  more 
effective  transmitters  and  antennas. 

Transoceanic  radio  circuits  were 
not  the  sole  interest  of  RCA.  The 
assets  of  the  American  Marconi 
Company  acquired  by  RCA  upon  its 
organization  included  ship  stations 
of  American  registry  and  shore  .sta¬ 
tions  on  American  mainland.  It  was 
the  most  profitable  part  of  the  com¬ 
pany’s  business.  It  deserved  techni¬ 
cal  attention.  Therefore  the  benefits 
of  continued  engineering  in  long 
distance  communication  spread  into 
this  field,  and  ships  began  to  receive 
better  equipment.  Crystal  detectors 
gave  way  to  vacuum  tubes,  and  spark 
and  arc  transmitters  gave  way  to 
tube  equipment.  Efforts  in  this  latter 
direction  were  met  with  some  resist¬ 
ance  from  potential  users,  however, 
because  vacuum  tubes  were  things  of 
glass,  with  delicate  internal  elements, 
and  therefore  too  fragile  to  be 
trusted  to  operate  satisfactorily 
when  subjected  to  a  ship’s  vibration, 
or  to  the  possibility  of  breakage 
when  they  might  be  most  needed,  in 
emergency.  Despite  these  objections 
the  last  RCA  spark  transmitters 
were  made  in  1922. 

In  1924  engineers  of  the  company 
produced  the  fir.st  practical,  commer¬ 
cial,  rotating-loop  type,  radio  direc¬ 


tion  finder.  This  important  aid  to 
navigation  has  since  been  under 
continued  improvement. 

Prior  to  1920  efforts  toward  radio 
development  were  for  the  most  part 
directed  to  improvement  of  point- 
to-point  and  marine  communication. 
But  in  that  year  something  hap¬ 
pened  in  Pittsburgh.  Frank  Conrad 
of  We.stinghouse  put  the  ba.seball 
scores  on  the  air  by  voice,  \li.scov- 
ered  that  thousands  of  people  would 
listen  on  home  made  receivers, — and 
broadcasting  was  born.  Later  that 
same  year  C.  W.  Horn  joined  in  this 
new  field,  becoming  manager  of  ra¬ 
dio  operations,  and  technical  boss  of 
famous  KDKA.  Mr.  Horn  (Charlie 
to  most  people)  is  now  Director  of 
Re.search  and  Development  of  NBC. 

The  beginnings  of  broadcasting  in 
America  (1920)  pre.sented  problems 
in  the  design  of  transmitting  equip¬ 
ment  which  were  far  different  from 
tho.se  of  long-range,  point-to-point 
radiotelegraph  communication.  For 
a  time,  RCA’s  requirements  in 
laboratory  work  relating  to  this 
new'  field  were  met  by  Dr.  A.  N. 
Goldsmith  and  his  assistants,  at  the 
College  of  the  City  of  New  York. 
Dr.  Goldsmith  had  been  retained 
since  the  Marconi  Company  days,  as 
consultant,  and  his  laboratory  staff 


90  megacycle  "boiler"  transmitter  under  construction  at  Rocky  Point, 
load  the  shield  gets  hot,  so  air-cooling  is  used 
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RCA-Victor  plant  at  Camden.  Ground  space.  82  acres,  floor  space  480  acres, 
14,000  employees  maximum,  power  plant,  41,500  kw.,  50,000  tons  coal 
consumed  annually. 


had  originated  many  important  ad-  in>r  station.s,  and  carried  on  contin- 
vance.s  in  the  communications  field,  uous  quality  control  te.stinjf  of  all 
Amonjr  the.se  was  the  development  sets  and  tubes  .sold  by  RCA.  From 
of  the  centralized  hiKh-sjteed  ink  their  work  came  many  devices 
recorder  system,  in  1921,  which  re-  which  were  important  in  ad- 
placed  the  aural  recordinir  system  vancinj?  the  art,  including  the  first 
inaugurated  by  the  British  Marconi  electric  phonographs,  many  funda- 
Company,  In  this  system  the  mental  acoustical  developments,  the 
signals  are  recorded  on  a  paper  tape  velocity  microphone,  centralized  ra- 
and  transcribed  on  typewriters  by  dio,  the  first  low-priced  a-c  receivers 
groups  of  oi)erators.  using  the  226  tube,  measurement 

By  1924  it  was  apparent,  however,  methods,  early  sound  motion  picture 
that  the  full  time  of  this  staff  would  devices  and  a  television  system 
be  required,  in  quarters  si)ecially  giving  theatre-size  pictures, 

prepared  for  their  needs.  In  that  The  years  1929  and  1930  were  im- 
year  the  company  .set  up  a  new  lab-  portant  times,  for  it  was  then  that 
oratory  at  the  edge  of  Van  Cortlandt  the  company  acquired  manufactur- 
Park,  in  New  York  City,  to  which  ing  rights  and  manufacturing  facili- 
the  group  moved.  ties.  With  the  purchase  of  the  Vic- 

The  laboratory’s  activities  in  two  tor  Talking  Machine  Company  in 
groups  were  under  Dr.  Goldsmith.  1929,  it  was  set  up  to  manufacture 
One,  the  Re.search  Division,  was  home  receivers  and  radio  equipment 
lieaded  by  Julius  Weinberger,  and  the  of  all  types.  In  1930  the  purchase 
other,  the  Engineering  Division,  was  of  a  plant  of  the  General  Electric 
leaded  by  Arthur  F.  Van  Dyck;  Company  at  Harrison,  N.  J., 

both  now  of  the  Licen.se  Laboratory,  equipped  it  to  enter  the  tube  manu- 
These  groups  supplied  specifications  factoring  field.  This  plant  was  an 
ior  broadcast  transmitters  and  re-  outgrowth  of  the  first  incandescent 
teivers,  conducted  field  surveys  for  lamp  factory  of  Thomas  A.  Edison, 
^he  buyers  of  broadcasting  equip-  Beyond  the  attainment  of  these  ob- 
nent,  and  supervised  the  design  and  jectives,  RCA  gained  also  a  large 
fon.struction  of  the  first  broadcast-  complement  of  additional  laboratory 
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man-power.  It  was  logical  that  fu¬ 
ture  laboratory  activities  be  concen¬ 
trated  at  the  Camden  and  Harrison 
plants.  Accordingly  the  Van  Cort¬ 
landt  Park  Laboratory  was  closed, 
and  its  staff  moved  to  one  of  the 
locations  in  New'  Jersey. 

In  1930  there  was  established  a 
laboratory  maintained  as  a  service 
to  licen.sees.  RCA  has  been  render¬ 
ing  such  .service  since  1928  from  the 
laboratories  which  were  also  doing 
the  company’s  other  research  work. 
By  1930,  this  license  service  had 
grown  to  an  activity  requiring  a  sep¬ 
arate  technical  group,  organized  to 
render  engineering  service  on  a  more 
comprehensive  scale  to  its  patent 
u.sers.  The  License  Laboratory  was 
first  established  at  75  Varick  Street, 
but  later,  in  the  spring  of  1935,  was 
moved  to  its  pre.sent  quarters  at  711 
Fifth  Avenue,  New  York. 

RCA’s  laboratory  facilities  have 
grown  as  adjuncts  to  the  various 
services  of  the  company.  For  this 
rea.son  they  are  not  consolidated  at 
any  one  place,  but  are  located  con¬ 
venient  to  the  various  activities. 
The.se  services  may  be  divided  into 
four  general  classifications;  Com¬ 
munication.  Manufacturing,  Broad¬ 
casting  and  Licensing. 

RCA  COMMUNICATIONS 
LABORATORIES 

Communications,  from  which  the 
radio  indu.stry  sprang,  is  overshad¬ 
owed  by  broadca.sting  in  public  in¬ 
terest,  but  it  has  never  ceased  to  be 
the  vital  factor  in  pressing  engineers 
and  research  men  on  toward  greater 
knowledge.  Not  only  must  apparatus 
be  developed,  but  Nature  herself 
must  be  investigated  to  know  best 
how'  to  circumvent  and  to  take  ad¬ 
vantage  of  the  vagaries  of  weather, 
and  such  .seemingly  unrelated  phe¬ 
nomena  as  the  spots  on  the  sun,  and 
the  ionization  of  the  upper  air. 

Communications  research  activi¬ 
ties  divide  broadly  into  three  divi¬ 
sions,  Transmission,  Reception  and 
Terminal  Equipment.  The  work  of 
the.se  groups  is  co-ordinated  under 
H.  H.  Beverage,  Chief  Research  En¬ 
gineer,  who  in  turn  reports  to  C.  H. 
Taylor,  Vice  President  in  Charge  of 
Engineering. 

Transmission 

The  transmission  laboratory,  un¬ 
der  C.  W.  Hansell,  is  located  at  Rocky 
Point,  L.  L,  adjoining  the  commer- 


cial-transoceanic  radio  facilities.  Its 
function  is  to  develop  new  and  more 
efficient  types  of  transmitters  and 
antennas  for  frequencies  used  in 
transoceanic  communication  and  for 
frequencies  higher  than  those  em¬ 
ployed  in  such  work  and  for  the  study 
of  propagation  in  portions  of  the 
radio  spectrum  not  now’  in  general 
use. 

There  is  continual  search  for 
transmitters  of  greater  stability  and 
power,  in  the  simplest  and  most  eco¬ 
nomical  designs.  In  the  early  at¬ 
tempts  at  creating  short  wave  trans¬ 
mitters  of  considerable  power  great 
difficulty  was  encountered  in  pre¬ 
venting  self  oscillation  betw’een  the 
various  stages.  This  problem  was 
solved  by  making  the  successively 
higher  powered  stages  multiply  the 
frequency,  in  addition  to  amplifying 
power.  The  arrangement  was  so  suc¬ 
cessful  that  it  was  rapidly  adopted 
for  use  in  short  w’ave  communica¬ 
tion  throughout  the  world. 

In  1927  the  Transmitting  Division 
developed  the  first  four-tube  power 
amplifier,  which  held  the  world’s 
record  for  the  highest  high-fre¬ 
quency  i)Ower  on  a  given  frequency 
for  several  years.  In  1927,  also  the 
first  quick  wave  change  device  was 
developed,  almost  doubling  the  value 
of  the  individual  transmitter  by  fit¬ 
ting  it  for  day  or  night  service. 
More  recently,  the  same  principles, 
employing  newer  tubes  and  associ¬ 
ated  components,  have  been  applied 


Magnetron  research 
at  Harrison 


to  create  a  transmitter  with  an  out¬ 
put  of  200  kilowatts — the  highest 
unit  output  in  short  waves  today. 
Frequently  it  is  found  that  prin¬ 


ciples  and  equipment  successfully 
employed  in  one  radio  band  hold  little 
promise  of  adaption  to  even  experi¬ 
mental  work  in  another.  An  example 
of  this  is  in  crystal  control  of  trans¬ 
mitters.  Experimental  work  with 
ultra-short  waves  soon  demonstrated 
that  as  the  frequency  was  increa.sed 
the  crystal  method  of  controlling 
transmitters  became  more  and  more 
cumbersome  and  expensive.  Crystals 
have  definite,  practical,  upper  fre¬ 
quency  limits,  beyond  which  an  ex¬ 
cessive  number  of  multiplier  stages 
becomes  necessary  in  ultra-short 
wave  work.  To  obviate  tnis  necessity 
the  transmission  laboratory  devel¬ 
oped  the  principle  of  resonant  line 
control.  This  consists,  basically,  of 
a  concentric  transmission  line  a 
quarter  wavelength  long — a  device 
of  extremely  low  loss,  comparable  t( 
a  crystal  and  yet  capable  of  control¬ 
ling  the  transmitter  directly,  without 
use  of  crystal  or  multipliers. 

Harking  back  to  the  reason  foi 


Facmimil*  •quipiMnt  control  board 
at  66  Broad  Stroot,  Now  York 


foundiriK  the  company — so  that 
America  could  have  its  own  radio 
communication  system — it  is  inter¬ 
esting  to  note  how  antenna  develop¬ 
ment  made  its  contribution  to  this 
end.  In  fact,  improvements  in  an¬ 
tenna  design  made  the  system  possible 
economically.  Commencing  with  com¬ 
plicated  and  exi)ensive  arrays,  it  was 
seen  that  a  multiplicity  of  such  an¬ 
tennas.  for  simultaneous  communica¬ 
tion  with  several  countries,  would 
result  in  prohibitive  plant  and  main¬ 
tenance  cost.  The  necessity  for  more 
economical  antenna  designs,  of  sim¬ 
pler  mechanisms,  was  obvious.  Sub- 
se(iuent  mathematical  and  theoretical 
exploration  pointed  to  the  possibili¬ 
ties  of  obtaining  desired  performance 
from  antennas  of  radically  different 
design.  Thus  the  Transmitting  Divi¬ 
sion  came  to  develop  various  types 
of  “long  wire”  radiators,  each  suc¬ 
cessive  type  representing  an  advance 
both  in  efficiency  and  economy  of 
construction  and  maintenance  over 
preceding  efforts.  Today’s  antennas 
produce  a  concentration  of  power  in 
the  desired  direction  equal  to  that  of 
the  older  arrays  at  the  cost  of  about 
five  to  ten  per  cent  of  the  earlier 
method. 

The  application  of  directive  trans¬ 
mission  is  illustrated  by  an  incident 
during  the  course  of  Admiral  Byrd’s 
last  voyage  to  the  Antarctic,  when  it 
was  desired  to  send  a  special  radio 
orogram  to  his  ship  by  way  of  Rocky 
Point.  According  to  the  itinerary, 
the  Jacob  Ruppert  should  have  been 
off  the  coa.st  of  Ecuador,  so  trans- 
mi.ssion  was  attempted  with  an 
antenna  directed  on  South  America. 
When  it  was  found  that  the  vessel 
was  in  mid-Pacific  instead,  and  out¬ 
side  that  antenna’s  beam,  the  en¬ 
gineers  hastily  went  into  conference 
with  a  terrestrial  globe. 

The  difficulty  was  solved  by  re¬ 
versing  the  Moscow  antenna  elec¬ 
trically,  and  the  radio  waves  from 
Rocky  Point  played  upon  the  ship 
like  the  searchlight  of  a  passing 
vessel.  Today’s  -directional  trans¬ 
mission  is  a  far  cry  from  the  splash 
of  energy  sent  off  in  all  directions 
in  the  ethereal  mill-pond  by  the  early 
spark  transmitters. 

Reception  Division 

The  Reception  Division  is  located 
at  the  main  receiving  center,  at 
Riverhead,  L.  I.,  under  the  direction 
of  H.  O.  Peterson.  It  is  engaged  in 


the  development  of  transoceanic  re¬ 
ceiving  facilities  whic'  nvolves  not 
only  the  improvement  of  receiving 
equipment  but  also  the  continuous 
study  of  the  propagation  of  electri¬ 
cal  energy  through  space.  The  work 
is  not  confined  to  the  frequencies 
utilized  for  transoceanic  communica¬ 
tions  but  extends  also  into  the  ultra- 
high  frequency  domain. 

The  most  important  early  contri¬ 
bution  of  this  receiving  laboratory 
was  the  “wave  antenna”  for  long 
wave  reception  developed  by  Bever¬ 
age,  Rice  and  Kellogg.  This  w’as  the 
first  time  the  aperiodic  principle  was 
u.sed  in  reception  by  which  an  an¬ 
tenna  of  fixed  dimensions  receives  a 
wide  band  of  frequencies  with  equal 
efficiency.  Nothing  looked  less  like  the 
antennas  then  existing.  The  wave 
antenna  was  strung  on  telephone 
poles,  not  over  20  feet  from  the 
ground.  This  line  of  poles  was  aimed 
in  the  general  direction  of  the  coun¬ 
tries  from  which  signals  were  to  be 
received — and  the  wires  on  these 
poles  were  actually  grounded  at  the 


remote  end.  Later,  when  the  labora¬ 
tory  became  active  in  investigation 
of  short  wave  phenomena,  H,  O, 
Peterson  designed  the  “fish-bone” 
type,  which  is  .standard  in  RCA 
communications  pri.ctice  at  present. 

Propagation  stud.es  with  “fading” 
on  short  waves  led  to  experiments 
in  combining  the  products  of  signals 
received  at  different  frequencies,  as 
well  as  the  products  of  horizontally 
and  vertically  polarized  waves.  Still 
another  method,  known  as  “spaced 
diversity”  reception,  utilized  three 
antennas  in  triangular  formation 
spaced  about  a  thousand  feet  apart. 
These  were  of  the  “fish-bone”  type, 
for  reception  of  horizontally  polar¬ 
ized  waves,  the  energy  from  each 
being  fed  to  its  own  receiver.  The 
combination  of  the  products  of  the 
receivers  provides  signals  unusually 
free  from  fading  difficulties.  How¬ 
ever,  there  remained  problems  of 
mutual  interference  between  re¬ 
ceivers,  which  necessitated  the  de¬ 
velopment  of  tuned  radio  frequency 
amplifiers  for  operation  on  much 
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the  preparation  of  messages  for  ac¬ 
tual  transmission,  i.e.,  transcribinK 
or  converting  printed  text  into  time 
codes  or  the  equivalent  thereof,  and 
on  the  receiving  end  to  transcribe 
electrical  pulses  into  a  form  of  lan¬ 
guage  message  for  delivery  to  the 
addressee. 

This  general  activity  divides  into 
three  classes:  Research  and  advanced 
engineering,  application  engineering 
and  construction  engineering.  The 
principal  projects  of  this  group  are 
with  general  radiotelegraph  control 
apparatus,  which  includes  automatic 
tape  transmitters,  tape  perforators, 
tone  sources,  tone  keyers,  line  filters 
and  equalizers,  line  amplifiers  and 
ink  recorders.  Upon  this  funda¬ 
mental  system  advanced  radiotele¬ 
graph  applications  are  based,  such  as 
time  division  multiplex,  time  code 
printers  and  code  converters. 

Time  division  multiplex  appears  to 
hold  great  future  possibilities  in  ra¬ 
diotelegraphy  because  of  new  hori¬ 
zons  of  operating  efficiency  and  flexi¬ 
bility  which  it  has  already  brought 


into  view.  It  makes  possible  multiplex 
transmission  at  no  increase  over 
power  necessary  for  simplex  opera¬ 
tion  and  it  operates  through  conven¬ 
tional  simplex  transmitting  and  re¬ 
ceiving  facilities.  It  offers  greatly 
increased  flexibility  at  the  operating 
terminal  by  enabling  the  simultane¬ 
ous  operation  of  several  different 
classes  of  radiotelegraph  service. 

Thus,  as  the  Transmission  and  Re¬ 
ception  Divisions  continue  to  pro¬ 
vide  better  and  better  radio  circuits, 
the  Terminal  Equipment  Division  is 
con.stantly  developing  w'ays  and 
means  for  making  the  most  efficient 
use  of  the  improved  facilities. 

Other  special  applications  which 
also  employ  fundamental  telegraphic 
technique  in  the  operation  of  facili¬ 
ties  for  transmitting  and  receiving 
intelligence  in  different  forms  are 
picture  sending  and  recording  ap¬ 
paratus  termed  by  RCA  “Photo¬ 
radio,”  and  facsimile  equipment.  The 
term  facsimile  is  here  used  to  differ¬ 
entiate  between  the  transmission  of 
pictures  and  sketches  and  the  trans¬ 
mission  of  written  or  printed 
matter. 

RCA  VICTOR 

In  1927  RCA  began  to  license 
other  companies  to  make  radio  sets 
under  its  patents.  In  this  year  the 
Victor  Talking  Machine  Company 
acquired  the  Orthophonic  phono¬ 
graph  developed  by  the  Bell  Tele¬ 
phone  Laborato  *ies  and  began  to  be¬ 
lieve  there  might  be  a  revival  of 
its  business.  There  was  a  flurry  of 
public  interest,  but  in  a  short  time 
business  was  again  “not  so  good.” 
Radio  was  taking  hold  in  a  big  way, 
cutting  seriously  into  phonograph 
sales. 

At  this  same  time  RCA  was  look¬ 
ing  for  an  opportunity  for  getting 
into  manufacturing.  Logically  Radio 
and  Victor  should  join,  in  producing 
instruments  for  home  entertainment 
— which  was  the  first  objective  in 
RCA’s  manufacturing  project.  This 
they  did  in  1929,  and  at  the  begin¬ 
ning  of  the  depression  RCA  found  it¬ 
self  in  pos.session  of  a  large  plant. ^ 
It  found  itself  with  men  from  RCA, 
from  Victor,  from  General  Electric 
and  from  Westinghouse.  It  was  over¬ 
staffed,  in  a  depression,  and  entering 

‘In  Katherine  laaterial  for  this  article,  the 
Kditors  asked  K  T.  Dickey  (one  of  the  oriRi- 
nal  City  ColleRf  ;uen)  how  much  floor  simce 
there  was  at  tli-  Victor  plant.  His  reply  was 
“If  you  walk  ttir  'i'gh  all  the  floors  of  all  the 
biiildiiiRs.  >-ou  ;  damn  tired.” 


higher  frequencies  than  had  pre¬ 
viously  been  employed.  The  di¬ 
versity  receiving  system  was  sub¬ 
sequently  adopted  as  standard  at  all 
RCA  transoceanic  radiotelegraph 
stations,  and  the  same  principles 
extended  to  include  telephonic  opera¬ 
tion.  The  latter  makes  possible  the 
present  standards  of  the  RCA  ad¬ 
dressed  program  service,  by  which 
programs  are  received  from  foreign 
countries  for  connection  to  Amer¬ 
ican  broadcasting  networks. 

Extension  of  propagation  studies 
into  the  realm  of  ultra-short  waves, 
and  the  development  of  suitable 
transmitters  and  receivers  for  in¬ 
vestigating  this  new  domain  led  to 
cooperative  program  with  the  Mutual 
Telephone  Company  of  Honolulu, 
which  gave  five  islands  of  Hawaii 
a  telephone  system  devoid  of  con¬ 
necting  wires.  This  was  of  particu¬ 
larly  practical  value,  since  cable  con¬ 
nections  between  the  islands  had 
proved  unusable  because  of  great 
ocean  depths,  and  long  wave  signals 
had  been  found  to  be  too  mutilated 
by  static.  The  ultra-short  wave  sys¬ 
tem  has  been  in  continuous  and 
automatic  operation  since  it  was 
installed,  in  1931. 

Rube  Goldberg  in  Radio 

Today’s  organized  research  is  not 
without  its  ingenious  short-cuts.  It 
will  be  recalled  that  Edison,  as  a 
telegrapher,  contrived  a  combination 
of  clock  and  automatic  telegraphic 
keying  device  which  “reported”  for 
him  to  a  dispatcher  at  regular  in¬ 
tervals,  leaving  his  mind  free  for 
experimental  work. 

One  of  today’s  counterparts  is  a 
young  engineer  at  the  Riverhead  sta¬ 
tion,  whose  assignment  was  to  study 
the  angle  of  arrival  of  short  w'ave 
signals.  A  transmitter  attached  to 
a  captive  balloon  was  employed  in 
the  tests,  but ‘it  was  soon  found  that 
any  appreciable  degree  of  wind 
caused  the  balloon  to  “bounce,” 
thereby  rendering  worthless  meas¬ 
urements  at  a  given  length  of  cord. 
Tiring  of  rising  during  the  best 
sleeping  hours  of  the  night  and  driv¬ 
ing  to  ‘“location”  only  to  find  a  de¬ 
feating  breeze,  this  engineer  devised 
a  pendulum  with  a  five-gallon  oil  can 
suspended  on  a  ten-foot  string.  A 
spike  fastened  to  the  bottom  of  the 
can  was  utilized  as  one  contact,  and 
a  ring  of  metal,  in  the  center  of 
which  it  normally  rested,  w'as  the 
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other.  Wind  from  any  direction 
w’ould  sway  the  can  and  close  the 
circuit. 

In  operation,  the  complete  rig 
worked  like  this:  On  being  awakened 
by  his  alarm  clock,  the  engineer 
reached  for  his  telephone  and  called 
Riverhead  2576.  At  the  laboratory, 
the  microphone  and  other  apparatus 
translated  the  ringing  bell  into  the 
action  of  lifting  the  receiver  off  the 
hook  for  one  minute.  During  this 
time,  contacts  of  the  wind  measuring 
device  outdoors  actuated  a  buzzer 
near  the  telephone  transmitter.  By 
the  frequency  and  duration  of  the 
buzzes  thus  caused,  the  engineer 
could  determine  whether  the  wind 
would  accommodate  his  balloon 
measurements. 

Terminal  Equipment  Dit'ision 

The  function  of  the  Terminal 
Equipment  Division,  headed  by  J.  L. 
Callahan,  is  to  improve  the  terminal 
apparatus  incident  to  all  phases  of 
central  office  operation.  This  includes 
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This  Kfoup  is  now  headed  by  Max 
Batsel,  one  of  Ur.  Goldsmith’s  men 
in  his  oriKinal  group. 

The  work  of  this  Division  consists 
of  the  development  and  design  of  ap¬ 
paratus  of  the  following  classes: 

1.  Photophone  .sound  picture  re¬ 
producers  for  use  in  theatres, 
schools,  etc.,  for  both  do¬ 
mestic  and  ex¬ 
port  fields,  and 
special  designs 
for  the  Navy. 

2.  Sound  pictures 
recording  sys¬ 
tems.  This 
equipment  is 
lea.sed  to  mo- 
t  i  o  n  picture 
I)roducers  , 
both  domestic 
and  foreign. 

3.  Speech  input 
equipment,  for 
sales  to  broad¬ 
casting  c  o  m  - 
l)anies,  in  both 
domestic  and 
foreign  fields. 

4.  Sound  systems, 
consisting  of 
public  address, 
sound  reinforc¬ 
ing  .systems, 
paging  .sys¬ 
tems,  etc.  Such 
equipment  is 
for  use  in 
theatres, 
schools,  hotels, 
factories,  etc., 
and.  in  special 
designs  by  the 
Navy. 

5.  Test  equipment 
for  manufac¬ 
turers,  service 
organizations  , 
research  lab¬ 
oratories,  and 
operating  com¬ 
panies,  such  as 
broadcas  ting 
stations. 

Recent  develop- 
m  e  n  t  s  of  Photo¬ 
phone  are  the  use  of  ultra-violet  re¬ 
cording  and  the  push-pull  sound 
track. 


Electronic  Research 

Very  broad  indeed  is  the  scope  of 
electronic  research.  Very  broad  and 
widely  known,  also,  are  the  contribu¬ 
tions  of  V.  K.  Zworykin.  In  fact,  the 
basic  devices  of  electronic  television 
and  the  name  of  Zworykin  are  so 
inseparably  linked  in  technical  radio 
literature  that  no  introduction  to  his 
earlier  research  work  is  here 
offered. 

Sources  of  electrons,  thermionic 
emission,  photoelectricity,  gaseous 


conduction,  electron  control,  electron 
optics,  electron  paths,  luminescence — 
all  are  studied  first  from  the  stand¬ 
point  of  finding  new  fundamentals 
and  secondly  from  the  .standpoint  of 
practical  application. 

Three  projects  w’hich  are  currently 
receiving  much  attention  in  this  lab¬ 
oratory  .section  are  the  .secondary 


emission  electron  multiplier,  the 
electron  image  tube  and  the  “Icono¬ 
scope.”  They  are  not  unrelated. 

The  secondary  emission  multiplier 
is  the  outcome  of  research  in  sec¬ 
ondary  emission  and  in  electron  op¬ 
tics.  Although  this  work  has  been 
in  progre.ss  for  only  a  few  years,  the 
multipliers  are  beginning  to  be 
recognized  as  a  commercial  pos¬ 
sibility.  Such  tubes  are  at  present 
in  use  by  astronomers  to  aid  in  guid¬ 
ing  their  telescopes  and  by  others 
interested  in  using  very  low  or  very 
high  intensities.  As  development 
continues,  the  fields  of  usefulness  of 
these  tubes  will  increase. 

The  image  tube  is  another  prac¬ 


tical  use  of  electron  optics.  It  makes 
visible  images  which  cannot  be  seen 
by  the  eye  except  by  its  use. 

General  Research 

Work  along  the  entire  front  of  the 
company’s  activities  is  carried  out  by 
General  Research.  E.  W.  Engstrom 
heads  this  activity.  This  Division 
is  no  ivory  tower  of 
abstract  contempla¬ 
tion,  as  is  proved  by 
the  mention  of  two 
words:  Facsimile 
and  Television. 
The  fundamental 
fields  embraced  in¬ 
clude:  radio  circuits, 
and  investigations 
with  short  waves, 
radio  radiation  and 
propagation,  acous¬ 
tics,  physics,  record¬ 
ing  and  reproduc¬ 
tion. 

Transmitter  an¬ 
tennas,  to  extend  the 
.service  range  by  re¬ 
ducing  selective  fad¬ 
ing,  directive  anten¬ 
na  structures  for 
ultra  -  short  waves, 
facsimile,  television 
are  but  a  few  of  the 
subjects  under  con¬ 
stant  study. 

“V”  cut  quartz 
crystals  are  another 
development  of  the 
laboratories  at  Cam¬ 
den.  These  crystals 
have  low  tempera¬ 
ture  coefficients  and 
contribute  toward 
keeping  broadcast¬ 
ing  and  other  of  the 
nation’s  stations  on 
their  assigned  fre¬ 
quencies. 

One  of  the  interesting  by-products 
of  General  Research  is  the  “auto¬ 
matic  snitch”  or  metal  detector  used 
at  Alcatraz  Penitentiary  to  detect 
knives,  guns  or  files  concealed  on 
prisoners.  There  have  been  produced, 
also,  sources  of  60  cycle  power  very 
accurately  controlled  by  tuning 
forks,  to  provide  constant  feed  drive 
for  facsimile  and  chronograph  de¬ 
vices. 

Facsimile 

And  while  on  the  subject  of  fac¬ 
simile;  this  is  a  development  whose 
movement  so  far  has  been  uni-direc¬ 
tional.  It  has  become  highly  success¬ 
ful  in  transferring  news  pictures 


Standing  arc  drawn  from  3.3  m*t*r.  l.S  kw.  oscillator,  using  water 
Coolod  888  tubos.  Will  operate  at  115  centimeters 
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Coating  and  baking  filament  wire 
at  Radiotron  plant.  Harrison.  N.  I. 


a  new  field  with  a  luxury  item  as  its 
immediate  mainstay.  Plans  for  ex¬ 
pansion  into  the  manufacture  of  ra¬ 
dio  equipment  for  every  field  of  ap¬ 
plication  had  to  wait. 

One  of  the  big  problems  was  to 
weld  one  unitary  force  from  these 
men;  to  get  the  RCA  Victor  idea 
going.  It  had  to  compete  with  many 
companies,  longer  in  the  set  busi¬ 
ness,  smaller  and  more  flexible,  none 
with  the  technical  staff  of  Victor — 
and  none  with  the  overhead  to  sup¬ 
port. 

To  shake  down  this  big  plant,  to 
hammer  out  of  it  a  going  concern, 
ultimately  producing  many  products, 
fell  to  the  lot  of  W.  R.  G.  Baker  who 
had  one  additional  factor  designed 
to  make  any  chief  engineer’s  hair 
turn  gray — a  deep  depression.  Yet 
the  Victor  Division  of  RCA  Manu¬ 
facturing  has  not  only  converted  its 
heritage,  a  dying  phonograph  con¬ 
cern,  into  a  successful  radio  set  com¬ 
pany,  but  it  supplies  other  RCA  sub¬ 
sidiaries,  and  the  radio  industry  gen¬ 
erally,  with  research  and  with 


products.  From  the  broad  point  of 
view  Victor  is  not  just  a  set-making 
plant.  It  is  a  broad-gauge  plant  mak¬ 
ing  many  individual  products  used 
very  widely  in  and  out  of  the  com¬ 
munication  art. 

Victor,  at  Camden,  naturally  di¬ 
vides  itself  into  certain  major  divi¬ 
sions.  All  Engineering,  under  Lewis 
M.  Clement  (who  was  in  Hawaii  in 
1915  with  American  Marconi)  breaks 
down  into  the  Receiver  Division, 
Photophone  and  Test  Equipment 
Division,  General  Research  Division, 
Electronic  Research  and  Transmitter 
Engineering. 

The  Receiver,  Transmitter  and 
Photophone  Divisions  each  possess 
an  advance  development  group,  which 
handles  work  of  an  exploratory  and 
experimental  nature,  with  respect  to 
the  basic  principles  of  the  products 
of  each  division. 

Receiver  Design  Division 

F.  X.  Rettenmeyer’s  Division  is  re¬ 
sponsible  for  the  development  and 
design  of  all  radio  receivers,  whether 
quantity  production  or  limited  pro¬ 
duction  items,  as  well  as  the  “sys¬ 
tems”  work  in  connection  with  police 
and  aviation  systems — a  full  time 
job. 

The  Advance  Development  Sec¬ 
tion  of  this  Division  is  the  “idea 
factory,”  producing  improvements 
which  are  later  incorporated  in  the 
product.  In  so  far  as  home  receivers 
are  coiK^rned,  advanced  development 
is  customarily  looking  one  or  two 
years  ahead.  Circuits  and  other  ar¬ 


rangements  now  engaging  the  at¬ 
tention  of  this  group  should,  in  that 
time,  be  ready  for  incorporation  into 
products.  Examples  of  some  of  the 
components  which  have  recently 
come  from  Camden  are  magnetite  i-f 
transformers,  concentric  air  trim¬ 
mers,  viscalloid  damping  of  phono¬ 
graph  pick-ups,  the  “inertia”  tone 
arm,  the  double  voice  coil  loud 
speaker,  compound  horns  for  thea¬ 
ters,  and  r-f  coils  which  need  no 
adjustment. 

Transmitter  Division 

The  transmitter  division,  under 
J.  B.  Coleman,  has  five  sections.  Since 
transmission  is  the  egg  which  must 
invariably  precede  the  chicken  of  re¬ 
ception,  the  responsibilities  of  this 
Division  are  a  large  order. 

The  first  section  handles  commer¬ 
cial  aircraft,  police  and  communica¬ 
tions  transmitters;  the  second,  spe¬ 
cial  transmitters  for  Government 
service;  the  third,  television  trans¬ 
mitters;  the  fourth,  transmitters  for 
RCA.  Communications  and  the  Ra¬ 
diomarine  Corporation  of  America, 
and  other  special  equipment  such  as 
amateur  transmitters,  portable 
equipment  and  equipment  of  special 
designs;  the  fifth  section  serves  the 
entire  division  on  standardization 
and  factory  contact  work. 

Photophone  Division 

Although  it  entered  the  sound  mo¬ 
tion  picture  field  later  than  other 
factors  serving  that  industry.  Photo¬ 
phone  is  today  in  a  leading  position. 
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Adjusting  intermediate  frequency  amplifier  on  an  automatic  SOS  alarm,  at 
Radiomarine 


The  Electrical  Research  Section, 
concerns  itself  principally  with  in¬ 
vestigation  in  the  field  of  thermi- 
onics.  This  group  is  headed  by  B.  J. 
Thompson,  whose  personal  contribu¬ 
tions  are  frequently  described  in  the 
technical  literature.  Electrical  re¬ 
search,  in  this  sense,  is  defined  as  the 
search  for  new  kinds  of  electron  de¬ 
vices  and  the  study  of  the  phenomena 


the  way  to  distributors.  Under  the 
continued  program  of  coordination 
red  tape  has  been  cut,  and  the  re¬ 
quired  time  between  an  engineer’s 
conception  of  a  receiver  model  and 
its  final  appearance  in  production 
has  been  reduced  by  a  factor  of 
three. 

RCA  RADIOTRON 

Radio  would  be  helpless  without 
tubes.  And  tubes  are  the  job  of  the 
men  at  Harrison,  New  Jersey,  the 
Radiotron  Division  of  the  Manufac¬ 
turing  Company,  headed  by  J.  C. 
Warner.  'Tens  of  millions  of 
tubes  are  produced  here  every  year. 

The  Research  and  Engineering 
Department,  under  the  management 
of  E.  W.  Ritter  is  organized  in 
three  divisions.  Since  the  activi¬ 
ties  of  these  divisions  deal  with  a 
common  product,  their  organiza¬ 
tion  is  largely  on  a  functional  basis. 
Thus  all  divisions  may  be  working 
on  different  phases  of  the  same  j)rob- 
lem.  For  example,  this  is  particu¬ 
larly  true' of  work  on  television, 
which  represents  a  major  project. 
The  Chemical  Research  and  Engi¬ 
neering  Division  is  working  on  tele¬ 
vision  in  connection  with  emitters, 
materials  for  bulb  coatings  and  ma¬ 
terials  for  cathode  ray  tube  screens; 
the  Electrical  Research  Division  is 
at  present  devoting  its  major  effects 
to  investigations  of  pick-up  and 
reproduction  devices  for  television 
purposes;  the  Development  and 
Engineering  Division,  in  its  various 
section  activities,  is  working  on 
transmitting  and  receiving  tubes 
for  television  application,  cathode 
ray  tubes  for  pick-up  and  repro¬ 
duction  purposes  and  television  cir¬ 
cuits  to  accommodate  such  tubes. 

In  the  following  descriptions 
given  under  division  headings,  it 
should,  therefore,  be  kept  in  mind 
that  many  of  the  problems  are  be¬ 
ing  attacked  from  different  angles 
by  all  three  groups. 

Electrical  Research  Division 


involved  in  these  devices.  It  is  not 
concerned  with  the  production  (i.e., 
source)  of  electrons  in  a  vacuous 
space,  but  with  the  use  of  the  elec¬ 
trons. 

It  has  already  been  stated  that 
this  jrroup  is  concerned  with  inves- 
tijfatin^  pick-up  and  reproduction 
devices  for  television.  It  is,  in  addi¬ 
tion,  studying  hi^h  frecjuency,  elec¬ 
tronic  phenomena,  together  with 
basic  desijrn  principles  of  tulies  for 
u.se  in  short  wave  transmitting  and 
receivinjr  applications.  This  latter 
work  is,  of  course,  of  importance  in 
the  development  of  television. 

Micro  wave  transmitters,  ampli¬ 
fiers  and  receivers  are  studied  in 
this  jfroup  with  an  eye  to  the  future. 
The  characteristics  and  u.ses  of 
electron  beams  are  investigated,  the 
po.ssibilities  of  ^a.seous  discharge  de¬ 
vices  are  explored  and  the  effects 
of  electron  transit  time  in  tubes,  to- 
jrether  with  fluctuation  phenomena 
are  studied  extensively. 

Chemical  Research  Dii'ision 

The  Chemical  Section  is  organized 
to  carry  on  investigations  in  the  phy¬ 
sical  and  chemical  research  fields  and 
to  care  for  tho.se  problems  naturally 
referred  to  them  by  the  enjrineering 
departments.  G.  R.  Shaw,  who  di¬ 
rects  this  >rroup,  has  no  dull  mo¬ 
ments. 

An  important  pha.se  of  the  work 
of  this  section  is  the  study  of  the  pro¬ 
duction  of  electron  emission  and  of 
the  conditions  neces.sary  for  its 
maintenance.  This  includes  the  vari¬ 
ous  possible  .sources  of  electrons,  such 
as  thermionic,  photoelectric,  impact, 
gaseous  di.scharjjres,  etc.  It  also  in¬ 
volves  study  of  the  materials  u.sed 
for  the  production  of  cathodes,  such 
as  ba.se  metal,  carbonates,  alkalis, 
etc.,  and  their  processinfr  in  tube 
manufacture. 

A  continuous  study  of  insulation  is 
carried  on,  the  field  of  investigation 
including  materials  fulfilling  the 
high  temjwrature  requirements  of 
heater-cathode  insulation,  the  me¬ 
dium  temperature  resi.sting  ma¬ 
terials  for  mount  supports  such  as 
mica  and  glass,  and  the  low  tem¬ 
perature  tube  components  such  as 
ba.ses  and  basing  cements. 

Glass,  being  an  important  part  of 
the  tube,  is  studied  to  make  it  more 
effective  as  an  insulator  and  to  facili¬ 
tate  its  use  as  an  integral  part  for 
the  support  of  the  other  members. 

Because  of  the  wide  nature  of 


metallic  materials  entering  into  tube 
con.struction,  metallurgy  is  al.so  im¬ 
portant,  The  metallurgical  study  of 
base  metals  for  filaments  and  cath¬ 
odes,  the  metals  constituting  the 
g’\d.s,  anodes,  supports,  sealing  in 
wire,  and  even  the  “getter”  is  a 
necessary  feature  for  tube  progress. 

Development  and  Engineering  Division 

This  group  covers  a  lot  of  terri¬ 
tory.  It  is  close  to  the  “firing  line” 
of  tube  usage,  and  therefore  I).  F. 
Schmit,  who  looks  after  its  manifold 
functions  u.ses  his  desk  principally 
for  a  telephone  addre.ss.  His  activi¬ 
ties  have  to  do  with  matters  of  tube 
development,  application  engineer¬ 
ing,  standardization,  and  c*ommer- 
cial  engineering. 

The  development  of  new  types  of 
receiving,  transmitting,  photoelec¬ 
tric  and  cathode-ray  tubes  is  carried 
on  by  sections  within  this  group. 
This  is  true,  not  only  for  tubes  for 
sound  broadcast  u.se,  but  al.so  for 
tubes  for  television  developmental 
activities,  and  tubes  for  specialized 
transmitting  fields  such  as  aviation, 
amateur,  police,  and  general  commer¬ 
cial  service. 

Working  hand-in-hand  with  the 
development  group,  the  application 
engineering  group  is  concerned 
with  the  development  of  new  cir¬ 
cuits  to  employ  these  new  tubes  to 
best  advantage.  Information  gained 
in  this  way  is  supplied  as  a  .service 
to  companies  engaged  in  the  manu¬ 
facture  of  equipment.  Through  this 
group,  also,  special  tubes  are  made 
available  to  experimenters  and 
laboratories. 

The  standardization  section  has 
the  duty  of  preparing  specifications 


covering  the  con.struction,  the 
proce.sses  and  the  materials  u.sed  in 
all  radio  tubes  produced  at  Harrison. 
It  is  al.so  responsible  for  the  design 
of  bulbs  and  metal  shells,  bases,  and 
tube  cartons. 

The  commercial  engineering  sec¬ 
tion  is  busied  with  contact  through 
correspondence  and  the  regular  chan¬ 
nels  of  publication  and  supplies 
technical  information  on  radio 
tubes  in  published  form  to  manufac¬ 
turers,  the  trade,  amateurs  and  ex¬ 
perimenters,  and  the  public  gener¬ 
ally.  This  activity  includes  the  pub¬ 
lication  of  application  notes,  various 
manuals  on  receiving  transmitting 
and  cathode  ray  tubes,  and  the  RCA 
tube  handbooks. 

RADIOMARINE 

The  laboratory  facilities  of  Radio¬ 
marine  are  located  at  75  Varick 
Street,  New  York.  Here  various 
types  of  marine  radio  equipment, 
both  receiving  and  transmitting,  are 
developed  for  use  within  the  RCA 
organization  and  for  .sale  to  Ameri¬ 
can  shipowners  generally.  Some  of 
the  later  developments  have  included 
a  small  direction-finding  receiver  and 
loop  (Electronics,  April,  1937,  page 
9),  u.seful  in  all  manner  of  small 
craft,  and  an  Auto  Alarm  {Electron¬ 
ics,  April,  1937,  page  20),  a  device 
for  receiving  distress  signals  when 
the  operator  is  off  watch,  A  dis¬ 
tinguishing  feature  of  the  Radio¬ 
marine  Lab  set-up  is  the  close 
contact  between  the  laboratory 
and  the  production  line,  both  being 
located  on  the  same  floor,  almost 
within  calling  distance.  In  charge  of 
the  laboratory  is  I,  F,  Byrnes,  whose 


Checking  modulation  wave-iorm  of  the  NBC  experimental  television  trans¬ 
mitter,  Empire  State  Building,  New  York 
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Meaturements  with  signal  generator  at  License  Laboratory 


background  includes  service  with 
G.E.  and  RCA  Victor,  under  whose 
direction  the  careful  design  and  pro¬ 
duction  necessary  in  marine  equip¬ 
ment  has  proceeded  since  1930, 

The  problems  encountered  in  the 
design  of  marine  radio  equipment 
are  more  severe  in  certain  respects 
and  certainly  more  changeable  than 
most  branches  of  radio.  Apparatus 
must  be  made  efficient,  reliable  and 
as  simple  as  possible.  It  must  be 
capable  of  quick  installation  and  be 
constructed  to  allow  easy  and  rapid 
servicing. 

Methods  of  coupling  transmitters 
to  antennas  must  be  ingenious  as  well 
as  practical,  since  antenna  constants 
vary  widely  and  ordinarily  the  same 
“sky-hook”  is  used  for  both  low  and 
high  frequency  transmission.  Fre¬ 
quency  stability  is  more  of  a  prob¬ 
lem  than  in  fixed  station  transmitters 
for  several  reasons ;  the  equipment  is 
subject  to  vibration  and  abnormal  de¬ 
rises  of  temperature  and  must  be 
capable  of  quick  change  from  calling 
to  working  frequency  with  a  mini¬ 
mum  error  due  to  human  manipula¬ 
tion  of  dials  and  controls.  Circuit  de¬ 
sign  is  influenced  by  spare  parts  and 
spare  tube  requirements.  “Break-in” 
operation  must  usually  be  provided 
to  expedite  the  handling  of  traffic. 


THE  BROADCASTING 
LABORATORY 

The  Engineering  Department  of 
the  National  Broadcasting  Company 
has  the  job  of  providing  facilities  for 


program  transmission  and  of  oi)erat- 
ing  them  on  the  high  plane  of  effi¬ 
ciency  which  modern  broadcasting 
demands.  While  all  of  these  facil¬ 
ities  constitute  a  “field  laboratory” 
from  which  much  data  is  obtained 
during  routine  operation,  strictly 
speaking,  the  technical  inve.stigations 
of  NBC  are  carried  out  in  a  group 
of  development  laboratories,  housed 
in  the  Radio  City  plant.  The  primary 
function  of  these  development  groups 
is  to  adapt  the  engineering  advances 
in  other  scientific  fields  to  the  par¬ 
ticular  needs  of  broadcasting,  and  in 
so  doing  to  act  as  a  liason  officers  be¬ 
tween  NBC  and  the  manufacturing 
organizations  of  RCA. 

With  the  rapid  growth  of  broad¬ 
casting,  the  activities  of  this  group 
have  expanded  to  include  the  han¬ 
dling  of  all  engineering  matters  of 
an  experimental  nature  pertaining  to 
broadcasting,  the  testing  and  ap¬ 
proval  of  broadcast  equipment,  the 
development  of  new  equipment  for 
special  purposes  or  where  suitable 
equipment  is  not  available,  the  test¬ 
ing  of  acoustical  and  sound  isolation 
materials,  the  preparation  of  speci¬ 
fications  for  acoustic  treatment  and 
sound  isolation  of  studios,  and  the 
conduct  of  acoustical  absorption, 
transmission,  and  vibration  measure¬ 
ments,  as  well  as  television  in  its 
many  aspects. 

To  carry  on  these  activities  there 
are  radio,  audio,  acoustical  and  tele¬ 
vision  laboratories  located  in  the 
NBC  section  of  the  RCA  Building  in 
New  York  City.  R.  M.  Morris,  De¬ 
velopment  Engineer,  is  in  charge  of 


this  group  with  W.  A.  R.  Brown  as 
assi.stant.  The  Development  Engi¬ 
neer  reports  directly  to  O.  B.  Han¬ 
son,  Chief  Engineer  of  NBC. 

The  most  important  experimental 
development  in  progress  at  present 
is  television.  NBC  has  been  actively 
engaged  in  this  field  for  over  si.x 
years  and  is  now  occupied  with  the 
technical  operating  problems  of  the 
RCA  television  field  test.  Two  stu¬ 
dios  are  being  operated  at  Radio  City 
while  at  the  Empire  State  Building 
operation  of  the  experimental  high 
power  television  transmitters  a.sso- 
ciated  with  the  project  is  carried  on. 
In  addition  to  experimental  o{)era- 
tion  for  the  RCA  field  te.st  an  oper¬ 
ating  technique  is  being  developed 
which  will  fit  smoothly  with  existing 
broadcast  operational  practice  when 
television  pas.ses  from  the  experi¬ 
mental  stage  to  regular  operation. 

An  example  of  operational  devel¬ 
opment  is  the  short  wave  relay  broad¬ 
cast  equipment  used  extensively  in 
field  operations.  Since  much  of  this 
development  can  be  carried  out  most 
effectively  by  the  NBC,  because  it  is 
in  intimate  contact  with  the  problems 
involved,  the  Development  Group  de¬ 
signs  and  constructs  models  of  vari¬ 
ous  types  of  equipment  to  meet  the 
demands  of  the  Operating  Groups. 
These  models  are  then  turned  over  to 
the  RCA  Manufacturing  Company 
where  they  are  produced  in  quanti¬ 
ties  sufficient  to  meet  the  require¬ 
ments  of  all  NBC  divisions. 

Studio  acoustics  and  the  related 
problems  of  sound  transmission  and 
vibration  isolation  are  other  pha.ses 
of  broadcasting  in  which  the  NBC 
laboratory  is  active.  Determination 
of  the  acoustical  absorption  coeffi¬ 
cients  of  acoustic  treatment  mate¬ 
rials  is  made  by  the  reverberation 
chamber  method  and  the  data  is  ap¬ 
plied  in  the  design  of  studios. 

A  more  complete  presentation  of 
the  many  activities  of  the  NBC  En¬ 
gineering  Department,  of  which  the 
Development  Group  is  only  a  part,  is 
given  in  the  November,  1936,  issue  of 
Electronics. 

\ 

THE  RCA  LICENSE 
LABORATORY 

The  License  Division  Laboratory 
was  established  early  in  1930,  under 
the  direction  of  A.  F.  Van  Dyck,  in 
response  to  a  definite  need  for  a 
centralized  technical  service  to  per- 
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form  certain  important  functions. 
The  activitie.s  of  this  laboratory  are 
determined  by  the  condition  that 
RCA  patents  are  available  to  about 
.seventy  other  companies  in  the  radio 
industry.  All  these  companies  are 
entrajred  in  hiprhly  technical  busi- 
ne.s.ses,  subject  to  rapid  and  continual 
chanpre.  h'or  best  operation  of  this 
complex  structure,  therefore,  it  is  re¬ 
quired  that  a  centralized  technical 
service  act  as  a  general  coordinatinp: 
aprency,  and  a  “clearinp:  house”  in 
matters  of  common  interest. 

The  radio  industry  not  only  draws 
upon  and  u.ses  freely  the  results  of 
the  continuing  research  and  develop¬ 
ment  work  of  the  groups  previously 
described,  but  utilizes  for  radio  pur¬ 
poses  the  circuits  and  devices  de¬ 
scribed  by  more  than  five  thousand 
patents  owned  by  RCA,  General  Elec¬ 
tric,  Westinjfhouse,  the  American 
Telephone  and  Telejfraph  Company 
and  many  foreign  companies  with 
which  RCA  has  patent  license  agree¬ 
ments.  The  RCA  patents  under 
which  the  industry  is  licen.sed  are 
increasing  at  the  rate  of  about  500 
annually.  Under  RCA  licen.ses  dur¬ 
ing  the  period  1927-19:^6  there  have 
been  produced  forty  million  radio 
receivers  and  over  half  a  billion 
vacuum  tubes. 

Through  the  Labo,  (ry,  informa¬ 
tion  has  been  trans  .  led  to  the  li- 
cen.sees  on  the  application  of  patented 
RCA  circuits  for  such  important  ad¬ 
vances  in  the  art  as  the  superhetero¬ 
dyne,  automatic  volume  control,  auto¬ 


matic  frequency  control,  class  B  am¬ 
plification,  high  fidelity  receivers, 
automobile  receivers  and  all-wave 
reception.  Numerous  surveys  of 
industry  technical  practices  have 
been  carried  out,  resulting  in  valu¬ 
able  information  for  the  guidance  of 
design.  Clo.se  contact  is  maintained 
with  the  Radio  Manufacturers  Asso¬ 
ciation,  the  National  Association  of 
Broadca.sters,  the  Institute  of  Radio 
p]ngineers  and  the  Society  of  Auto¬ 
motive  Engineers. 

The  functions  of  the  laboratory 
are  carried  out  by  several  groups. 
I).  E.  Foster  heads  a  group  which 
renders  engineering  assistance  to  li¬ 
censees,  makes  all  receiver  tests  and 
measurements,  conducts  industry 
technical  surveys  and  does  field  work 
at  licen.see  receiver  plants.  S.  W.  See¬ 
ley’s  group  takes  charge  of  tube  prob¬ 
lems  submitted  by  licen.sees,  field 
work  at  licen.see  tube  plants  and  va¬ 
rious  special  .studies  of  industry-wide 
importance  relating  to  tubes  and  sets. 
E.  W.  VV’ilby’s  gl'oup  attends  to  the 
issuance  of  patent  bulletins,  RMA 
tube  standardization,  RMA  and  other 
committee  activities,  and  general 
laborator>’  .services  such  as  model 
shop  and  maintenance.  J.  Wein¬ 
berger  carries  on  economic  re.search 
relating  to  the  radio  industry. 

By  rendering  a  consulting  engi¬ 
neering  service  the  Laboratory  is 
able  to  help  licen.sees  when  they  en¬ 
counter  difficulty  in  the  early  stages 
of  production  of  new  circuits,  parts, 
etc.  The  Laboratory  can  solve  such 
difficulties  quickly,  becau.se  it  usually 
happens  that  many 
manufacturers  ^\^ll  be 
introducing  a  new  de¬ 
velopment  at  the  same 
time.  Finding  the  .solu¬ 
tion  to  the  problem  of 
one  enables  quick  service 
to  subsequent  inquiries 
from  others. 

In  the  case  of  certain 
licensees,  every  labora¬ 
tory  model  of  receivers 
intended  for  production 
by  them  is  first  submit¬ 
ted  to  the  Laboratory 
for  test  and  criticism. 

Autoynatic  Tuning  : 
The  Laboratory’s  most 
recent  contribution  to 
the  indu.stry  along  these 
lines,  and  one  which  has 
received  wide.spread 
usage  during  the  past 
two  years  is  the  devel¬ 
opment  of  automatic 
tuning. 


Ultra  Bhort  wave  antenna  at  RCA 
License  Laboratory 


This  has  been  introduced  by  radio 
manufacturers  in  various  forms, 
such  as  “dial  tuning”,  “pu.sh  but¬ 
ton  control”,  and  “automatic  fre¬ 
quency  control,”  In  this  in.stance, 
a  problem  arose  when  “all-wave  re¬ 
ception”  first  made  its  appearance. 
Superheterodyne  oscillators  were 
required  to  maintain  a  higher  degree 
of  frequency  stability  when  receiv¬ 
ing  short  waves  than  had  ever  be¬ 
fore  been  the  case.  Starting  with 
devices  for  compensating  o.scillator 
drift  through  temperature  control, 
the  Laboratory’s  engineers  finally 
were  led  to  various  circuit  devices 
for  automatic  frequency  control. 

Measyirements  and  Standardiza¬ 
tion:  The  Laboratory’s  measuring 
equipment  serves  in  some  cases  as  a 
standard  against  which  calibrations 
of  licensee  measuring  equipment  may 
be  checked,  thus  insuring  uniformity 
of  measurements  throughout  the  in¬ 
dustry.  Many  of  the  smaller  licensees 
do  not  have  adequate  measuring 
equipment  for  testing  the  perform¬ 
ance  of  tubes  or  receivers  and  wel¬ 
come  the  opportunity  for  making 
such  tests  at  the  Laboratory. 

The  work  carried  on  under  this 
heading  includes: 

(a)  The  study  of  technical  trends 
in  the  industry. 

(b)  Advance  study  in  the  Labo¬ 
ratory  of  technical  factors  or  new 
fields  having  prospective  importance 
to  the  industry. 

The  results  of  these  studies  are 
circulated  to  all  licensees  in  the  form 
of  technical  bulletins. 

These  bulletins  are  supplemented 
by  meetings  called  by  the  Labora- 
tor>’,  and  attended  by  engineers  of 
practically  all  of  the  licensees,  at 
which  discussions  of  these  subjects 
are  held. 

At  the  present  time  this  group  is 
principally  concerned  with  technical 
studies  embracing  television,  which 
w'ill  lead  to  the  initiation  of  li¬ 
censees  into  the  factors  of  impor¬ 
tance  in  television  receiver  design. 

One  of  the  important  continuing 
activities  of  the  Laboratory  is  the 
accumulation  and  distribution  of 
data  relating  to  the  industry-wide 
characteristics  of  broadcast  re¬ 
ceivers.  This  information  is  issued 
annually  in  the  form  of  a  summary 
of  broadcast  receiver  trends.  How¬ 
ever,  during  1936,  an  especially  com¬ 
prehensive  report  was  issued,  based 
on  the  Laboratory’s  data  of  the  pre¬ 
ceding  five  years,  on  the  subject  of 
“Receiver  Characteristics  in  Ameri¬ 
can  Homes.”  This  report  was  pre- 


Portion  oi  License  Laboratory  where  acoustics  measurements  are  made,  line 
(16,000  cycles  wide)  provide  high  quality  material  for  test  (and  entertainment) 


pared  for  presentation  to  the  Fed¬ 
eral  Communications  Commission, 
and  forms  a  set  of  fundamental  data 
which  they  may  utilize  in  determin¬ 
ing  future  broadcast  allocations. 


their  particular  problems. 

Here,  also  at  RCA,  rests  the  ulti¬ 
mate  control  of  all  research  activi¬ 
ties,  as  well  as  the  apportionment  of 
appropriations  for  the  various  proj¬ 
ects.  It  is  a  very  broad  control,  which 
assigns  projects  to  the  various  labo¬ 
ratory  units,  thereafter  permitting 
the  greatest  possible  freedom  and 
flexibility  of  action. 

No  appraisal  of  the  research  ac¬ 
tivities  of  RCA  would  be  complete 
without  an  acquaintance  with  the 
company’s  guiding  hand.  Two  char¬ 
acteristics  distinguish  David  Sarnoff 
in  his  relation  to  the  technical  or¬ 
ganization  of  RCA;  experience  in 
practical  operation  and  an  incisive 
mind  which  quickly  grasps  and 
evaluates  new  facts  which  the  spe¬ 
cialists  in  every  department  of  re¬ 
search  and  development  bring  to 
light. 

Coming  to  the  new  company  from 
American  Marconi  as  Commercial 
Manager,  Mr.  Sarnoff  had  served  in 
every  post  of  the  predecessor  com¬ 
pany.  As  ship  radio  operator  he 
knew  the  importance — and  the  diffi¬ 
culties — of  clearing  the  hook  of 
messages.  All  through  his  career 
he  has  been  able  to  gauge  w’hat 
could  be  done  with  existing  facili¬ 
ties,  and  what  might  be  done  with 
more  effort  and  investigation  di¬ 
rected  to  this  or  that  end.  Al¬ 
ways  he  has  appreciated  the  dimen¬ 
sions  of  the  job  ahead,  but  this  has 


never  reduced  his  impatience  at  ob¬ 
stacles,  natural  or  otherwise. 

At  all  stages  of  his  career,  men 
came  to  David  Sarnoff’s  desk  want¬ 
ing  to  know  “the  answers.’’  Fre¬ 
quently  he  could  give  them  out  of 
personal  experience.  There  were 
many  that  he  could  not  supply;  but 
every  man  who  went  away  tempo¬ 
rarily  unanswered  knew  that  some¬ 
one  would  soon  be  assigned  to  the 
job  of  flnding  out. 

In  a  recent  addres.s  before  the 
American  Physical  Society,  David 
Sarnoff  revealed  some  of  the  thoughts 
which  enable  him  to  inspire  technical 
groups  on  to  new  frontiers.  “In  our 
knowledge  of  the  atom,’’  he  said, 
“We  first  discovered  and  utilized 
the  negative  electron — the  outermost 
and  most  easily  accessible  .structural 
element,  and  the  one  which,  in  a 
sense  is  nearest  to  us.  Some  day 
we  shall  know’  more  about  and  doubt¬ 
less  utilize  some  of  the  other  ele¬ 
mentary  nuclear  particles  which 
have  been  discovered  in  recent  years 
— protons,  neutrons,  positrons,  deu- 
terons  and  their  various  combina¬ 
tions.  The.se  new  discoveries  in 
turn  may  give  us  new  sources  of 
power,  new’  modes  of  travel  and 
communication,  new  manufacturing 
processes,  new  forms  of  illumination, 
new  cures  for  dreaded  diseases,  new 
highways  to  health.’’ 

Research  thrives  in  such  an  atmo¬ 
sphere. 


Standardization 

Activities 


The  Laboratory  functions  as  the 
official  agency  for  tube  numbering 
and  standardization  of  the  Radio 
Manufacturers’  Association,  as  well 
as  for  the  standardization  of  related 
matters  such  as  tube  factory  test 
limits.  This  work  was  extended  re¬ 
cently  to  include  not  only  standardi¬ 
zation  of  tubes  made  in  the  United 
States,  but  also  those  made  in  Can¬ 
ada,  Australia  and  American  type 
tubes  made  in  Italy.  The  standard 
RMA  tube  data  sheets  are  prepared 
and  issued  by  the  Laboratory. 


COORDINATION 


All  these  varied 
yy  f  functions  of  the 

\  RCA  laboratories, 

whose  field  of  in- 
^  terest  extends  to 

every  phase  of  radio,  are  coordi¬ 

nated  through  the  central,  parent 
organization,  the  Radio  Corporation 
of  America.  Information  originating 
in  each  of  the  units  flows  through 
the  office  of  R.  R.  Beal,  Supervisor 
of  Research,  for  distribution  to 
others  who  may  find  it  useful  to 


A  radio  set  is  no  better  than  its  component  parts — new  items  In  the  components  line,  pres¬ 
age  better  engineered  if  not  radically  improved  receivers  for  next  year 


rx 


Faced  with  another  year  in 
which  sales  of  radio  sets  for 
home  and  automobile  use  will  set 
new  records,  components  manufac¬ 
turers  are  preparing  to  play  their 
share  in  the  manufacturing  season 
soon  to  begin.  Early  forecasts  in¬ 
dicate  that  1938  receivers  will  differ 
from  last  year’s  sets  in  mechanical 
details.  They  will  be  easier  to  tune, 
thanks  to  some  more  automatic  fea¬ 
tures  and  to  .slanting  panels;  they 
may  be  .somewhat  better  in  tone 
quality  but  electrical  features  will 
probably  not  differ  greatly. 

Receiver  manufacturers  clambor¬ 
ing  aboard  the  automatic-tuning 
wagon  have  discoveired  that  few 
parts  for  the.se  systems  are  avail¬ 
able.  Yaxley  furnishes  several  types 
of  mechanical  switches — most  in¬ 
genious  devices;  Utah  has  a  small 
motor  and  several  of  the  old  line 
motor  people  are  developing  small 
motors,  but  in  general  the  parts 
people  are  not  inclined  to  load  up 
with  tools  on  these  automatic  tuning 
gadgets  until  they  know  whether 


there  will  be  worth-while  sales. 

While  it  is  a  bit  early  to  give  a 
general  survey  of  what  is  available 
for  automatic  tuning  .systems,  the 
old  “regulation”  components  have 
already  had  their  overhauling  and 
are  getting  ready  for  the  market. 
In  the  suiv’ey  that  follows  it  must 
not  be  assumed  that  only  those  com¬ 
panies  mentioned  are  developing 
new’  material.  The  season  is  yet 
young,  and  many  new  products  are 
not  yet  ready  for  description. 

Although  1938  electrolytics  will 
be  smaller  than  any  previously  used, 


they  will  not  look  must  different. 
Internally,  however,  there  have  been 
changes.  A  trend  toward  glass  rec¬ 
tifier  tubes  and  away  from  metal 
tubes  in  power  supply  systems  places 
a  responsibility  upon  the  designer 
of  the  set  and  manufacturer  of  the 
filter  condenser.  The  rectifier  tube 
must  operate  satisfactorily  in  con¬ 
junction  with  the  first  filter  con¬ 
denser  if  the  set  is  not  to  go  to 
the  service  shop  when  it  is  turned 
on  after  a  long  idleness.  The  change 
from  metal  to  glass  rectifiers  will 
cause  demand  for  the  regulating 


3-band,  3-iiang  r-f  and  i-f  Gen-Ral 
coil<ondenser  assembly 


Shaded  pole  induction  motor 
(Utah)  for  remote  control  and 
automatic  tuning  control  receivers 


type 

of  C( 

inde 

“nse 

r  wh 

1C 

h  li 

mits  the 

VOlt£ 

ige  pe 

laks 

th 

at  de 

!V< 

jlop 

on  first 

turn 

ing  01 

1  a 

fila 

ment 

■tj 

i^pe 

rectifier. 

The 

glass 

1  r( 

ictil 

Hers 

w 

ill 

probably 

be  fi 

ilamen 

it  tj 

i^pes 

Ai 

nd  so 

th 

e  ( 

londe: 

ns 

er 

internals 

have 

1  chan 

ged 

.  1 

Phere 

a 

re  1 

new  elec¬ 

trolj 

^tes. 

new 

'  m 

ietho( 

is 

of 

etching 

foil. 

new 

met 

hod 

s  of 

a; 

roid 

ing  leak- 

age. 

Mall 

lory 

re] 

ports 

tl 

lat 

a  chassis 

subr 

nitted 

by 

a 

custo 

m< 

er  j 

showed  a 

volti 

ige  su 

irge 

of 

630 

V( 

)lts 

although 

the 

worki 

ng 

voli 

tage 

w 

as 

400.  He 

was 

suppl 

ied 

W1 L 

h  a  1 

)ai 

rriei 

r  type  of 

condenser, 

>  ai 

id  i 

avoid 

ed 

.  a 

redesign 

of  t 

he  chi 

assii 

3. 

Theo 

re 

tica 

lly  surge 

volts 

Ige  fa 

lilur 

e  ii 

1  eitl 

lei 

r  W( 

et  or  dry 

elect 

;rolyti 

c  a 

apa( 

ntors 

i 

s  c 

aused  by 

the 

ignitii 

m  c 

>f  a 

mini 

it< 

i  qu 

lantity  of 

mixed  gases  accumulated  at  the 
anode  during  severe  overload,  and 
where  scintillation  is  encountered. 
If  the  gases  cannot  combine,  surge 
voltage  failures  will  not  occur.  Since 
one  of  these  gases  is  generated  at 
the  anode  side,  and  the  other  at  the 
cathode  side  of  the  electrolyte,  the 
use  of  a  special  high  density  ma¬ 
terial,  as  part  of  the  separator,  acts 
as  a  barrier  and  retards  their  mix¬ 
ture.  Compared  to  other  types  of 
separator  material,  capacitors  hav¬ 
ing  non-fibrous  cellulose  separators 
will  have  a  much  longer  life  even 
though  repeatedly  subjected  to  over¬ 
loads  high  enough  to  cause  scintilla¬ 
tion. 

The  decreased  size  is  demon¬ 
strated  by  the  Solar  units  photo¬ 
graphed.  Both  have  the  same 
capacity  but  the  smaller  unit  is  of 


recent  design.  These  are  wet  elec- 
trolytics;  in  a  can  1  inch  by  111 
inch,  8  microfarads  to  be  operated 
at  500  volts  can  be  packed;  or  38 
microfarads  for  100-volt  operation. 
Temperatures  as  low  as  — 20  deg. 
Centigrade  do  not  put  this  new  type 
out  of  commission.  A  new  forma¬ 
tion  process  reduces  leakage  to  the 
point  where  excess  leakage  is  not 
encountered  when  voltage  is  reap¬ 
plied  after  a  long  idle  period. 

An  interesting  Mallory  condenser 
is  a  unit  specially  designed  for  re¬ 
ducing  intercircuit  coupling  in  auto 
radio  chasses.  Coupling  effects  noted 
in  ordinary  multiple  section  capaci¬ 
tors  are  caused  by  voltage  drop  in 
the  cathode  foil  and  an  improper 


sequence  of  the  anode  plates.  In 
fact,  the  entire  matter  is  due  mainly 
to  mechanical  rather  than  electrical 
design.  The  voltage  drop  in  the 
cathode  was  corrected  by  the 
proper  placing  of  the  cathode  tabs. 
Each  tab  was  assured  positive  con¬ 
tact  to  the  container  by  a  special 
rivet.  The  plate  sequence  was  ar¬ 
ranged  after  careful  analysis  of  the 
circuit.  A  much  improved  r-f  im¬ 
pedance  characteristic  was  obtained 
through  the  yoper  relation  between 
cathode  and  i.  :>de  tabs. 

The  method  of  connecting  the 
cathode  to  the  container  eleminates 
coupling  difficulties.  Vibrator  hash 
is  at  a  minimum  as  the  first  filter 
section  has  an  extremely  low  r-f 


Flexible  shaft  from  SS. 
White  for  auto  radios 
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impedance  at  from  10  to  20  mega-  average  radio  set  will  bring  close  closely  related  to  the  dimensions  of 

cycles,  which  is  the  region  of  vi-  to  $100  this  year  which  is  a  consid-  speaker.  Both  act  to  enhance  the 

brator  electrical  noise.  An  actual  erable  mark-up  from  last  year’s  overall  performance.  When  such 

.saving  of  $0.13  per  cha.ssis  was  ac-  average  price.  Part  of  this  is  due  speaker  systems  will  arrive  in  home 

complished  over  the  cost  of  the  to  increased  costs  of  sets  due  to  sets  is  a  question — but  the  trend 

two  separate  capacitors  originally  greater  labor  and  material  costs —  points  this  way. 


liesistors 

It  would  take  a  very  large  adding 
machine  to  sum  up  the  total  num¬ 
ber  of  resistors  that  have  gone  into 
home  and  auto  radios  during  the 
past  five  years.  Say  ten  resistors 
per  set,  say  8  million  sets  for  1938. 
Punch  two  keys  and  you  get  80  mil¬ 
lion  resistors  for  the  year.  Carbon 
resistors,  metallized  resistors,  wire 
wound — all  have  gone  through  a  con¬ 
tinued  evolution.  Fixed  resistors, 
variables — these  two  have  made 
constant  changes  toward  greater  sta¬ 
bility  as  regards  temperature,  vol¬ 
tage,  humidity,  power  dissipation, 
noise.  For  the  following  material 
the  Editors  are  indebted  to  Inter¬ 
national  Resistance,  Speer  Carbon, 
Centralab,  Erie,  Globar  and  others. 

A  trend  seems  to  be  pointing  di¬ 
rectly  at  insulated  fixed  resistors. 
Although  only  three  years  old  they 
are  now  made  by  four  or  five  manu¬ 
facturers  and  in  1938  will  probably 
account  for  the  largest  proportion 
of  units  for  receivers,  especially  for 
auto  sets.  This  trend  seems  to  be 
universal  and  in  considerable  pro¬ 
portion. 

IRC  has  augmented,  recently,  its 
pioneer  insulated  line  of  the  metal- 


I’opular  are  the  ceramic  sealed  compact  resistors.  These  particular 
units  are  made  by  Erie 


si)ecified.  In  addition  a  paper  by-pass 
capacitor  was  eliminated  and  the 
cha.ssis  assembly  cost  reduced. 

This  capacitor  is  not  a  stock  item. 
It  is,  however,  of  standard  con¬ 
struction  and  was  designed  by  Mal¬ 
lory  engineers  ba.sed  on  circuit  in¬ 
formation  supplied  by  the  customer. 

Although  high  humidity  and  high 
temperatures  encountered  in  many 
applications  compel  the  conden.ser 
to  be  sealed  against  moisture,  as 
by  aluminum  cans,  Mallory  engi¬ 
neers  have  developed  a  cheaper  con¬ 
struction  by  varnishing  a  paper 
specially  selected  for  the  job.  High 
temperature  sealing  wax  is  used  at 
the  ends;  paint  will  stick  on  the 
outside  of  the  varnished  surfaces. 


but  it  is  also  true  that  customers  are 
looking  at  and  buying  bigger  and 
better  .sets.  They  know  the  little 
fellows  are  small  in  tone  as  well  as 
small  in  size. 

The  really  new  thing  in  speakers, 
too  new  for  the  early  1938  sets  in 
fact,  is  the  line  of  speaker  enclosures 
which  Jensen  will  market.  These 
boxes  tightly  enclo.se  the  loud  speak¬ 
er  and  have  apertures  which  are 


A  handful  of  Oxford  speaker.  It  has  a  cut-off  of  300  cycles  so 
that  considerable  hum  can  be  left  in  the  power  supply 


Small-Size  Parts 


Small  size  is  noted  in  the  controls 
to  be  used  this  year.  Volume  con¬ 
trols  not  much  larger  than  a  wri.st 
watch  are  common.  Just  why  the 
.set  manufacturers  demand  such 
small  items  is  not  exactly  clear,  ex¬ 
cept  for  small  sets.  But  they  must 
be  small  and  they  must  also  be  ver¬ 
satile.  Special  controls  for  special 
purposes  are  the  vogue — and  1938 
looks  like  a  year  of  special  purposes. 

For  the  very  small  sets,  loud¬ 
speakers  must  of  course  be  small. 
This  is  not  new  nor  is  it  a  trend. 
Fortunately  it  looks  as  though  the 
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Components  are  best  engineered  when  good  measur¬ 
ing  equipment  is  available.  This  Tobe  Deutschman 
automatic  recorder  for  speakers  or  other  characteris¬ 


tic  measurement  has  attracted  much  attention 


Trimming,  padding,  tuning  con¬ 
densers  of  Hammarlund.  Note  the 
Isolantite  insulation,  cadmium 
plated  brass  plates 


Q  men  checking  up  on  components.  W.  D.  Loughlin, 
H,  A,  Snow,  Boonton  Radio  with  well  known  Q  meter 


.1 


A  battery  of  Rola  permanent  man 
and  enernized  loud  speakers 


Condenser  for  i-f  systems, 
mica,  by  Aerovox 


All  manufacturers  are  reducing 
electrolytic  sizes.  These  Solar 
units  have  identical  capacity  and 
voltage  characteristics 


For  the  remote  control  radio  an 
Alden  under -rug  cable 
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lized  BT  units  with  a  wire  wound 
BW  type  which  has  been  taking  hold 
very  rapidly.  It  is  compact  (of  the 
same  dimensions  as  the  metallized 
product)  and  with  wire-wound  sta¬ 
bility.  Ranges  to  less  than  one  ohm 
are  obtainable.  Close  tolerances  are 
part  of  its  popularity. 

Volume  controls  of  improved  de¬ 
sign  are  now  available  according  to 
IRC  engineers.  Better  stability; 
lower  noise  over  a  long  life  are 
the  improvements  that  will  appeal  to 
set  designers.  This  new  IRC  con¬ 
trol  type  CP  was  developed  as  a 
plate  circuit  tone  control,  which  has 
required  a  carrying  capacity  of  about 
two  watts.  To  achieve  this  in  a 
small  size,  a  copper  plate  stamping 
was  used  underneath  the  metallized 
element  with  tabs  which  are  bonded 
with  the  tabs  of  the  metal  cover.  In 
this  way,  heat  developed  in  the  con¬ 
trol  is  rapidly  transferred  to  the 
cover  and  through  the  area  of  the 
cover  is  of  course,  dissipated  into 
the  surrounding  atmosphere  and 
chassis.  These  units  have  been  bought 
in  considerable  quantities  by  several 
manufacturers  and  have  been  found 


most  useful.  The  design  of  variable 
resistance  for  volume  and  other  con¬ 
trol  purposes  has  shown  a  most 
interesting  engineering  evolution. 

Trimming  Condensers 

The  superheterodyne  is  highly 
dependent  upon  coils  and  trimming 
condensers;  manufacturers  of  com¬ 
ponents  have  developed  new  units  for 
the  tuning  circuits  which  have  most 
interesting  properties.  Increased 
use  of  permeability  tuning  of  inter¬ 
mediate  frequency  amplifiers  makes 
it  possible  to  use  fixed  condensers  of 
very  high  stability  and  low  loss. 

Under  the  name  Silvercap,  F.  W. 
Sickles  presents  a  very  interesting 
and  new  method  of  installing 
capacity  where  it  is  needed.  These 
are  fixed  condensers  used  across  i-f 
coils,  permeability  tuned.  The  units 
are  made  of  high  grade  mica  with 
a  silver  deposit  on  one  face  of  the 
mica  acting  as  the  conducting  ele¬ 
ment.  The  capacity  may  be  de¬ 
creased  by  scraping  off  some  of  this 
deposit.  Fixing  the  silver  to  the 
mica  makes  the  capacity  of  the  unit 
more  or  less  independent  of  physical 


strains  producing  expansion  or  con¬ 
traction.  The  conducting  coating 
retains  its  position  and  spacing  with 
respect  to  the  dielectric  regardless 
of  bending  distortion. 

According  to  Sickles  engineers,  a 
heat  run  on  such  a  condenser  pro¬ 
duced  a  change  in  capacity  of  less 
than  0.1  of  1%  at  150  deg.  F.  Under 
the  same  conditions  a  “conventional” 
condenser  showed  a  change  of  10 
percent  and  a  permanent  set  of  5 
percent.  This  condenser  had  a  Q 
of  the  order  of  4,000  to  5,000.  After 
a  humidity  run  of  24  hours,  100  deg. 
F.,  90  percent  humidity,  the  Q  was 
over  3,000. 

High  capacity  may  be  built  up  in 
small  space.  Several  types  of  units 
are  available,  depending  upon  the 
service  they  are  to  perform. 

To  replace  a  fi.xed  condenser  with 
a  trimmer  in  parallel,  Aerovox  has 
developed  an  “adjustable”  fixed  con¬ 
denser  for  intermediate-frequency 
and  radio-frequency  use.  Due  to 
a  precise  manufacturing  design  users 
may  specify  tolerances  as  close  as 
plus  or  minus  1  percent.  In  use  the 
capacity  may  be  changed  by  an  ad- 


Bullast  lamps  by  Amperite  have  been  life  savers 
for  many  tubes  and  components 


Push-button  tuning  comes  in  this 
year.  This  Yaxley  unit  will  handle 
10  stations 


justment  screw.  Dual  units  are 
available.  One  i)oint  about  the  u.se 
of  such  condensers  is  the  fact  that 
the  capacity  is  concentrated  and  of 
low  loss,  thereby  reducing  stray 
capacity  from  leads,  etc. 

One  of  the  Hammarlund  con¬ 
densers  shown  uses  a  very  heavy 
Isolantite  compression  wa.sher  which 
provides  a  low’  capacity  between  the 
rotor  plates  and  ground.  The  QTD’s 
are  used  in  i-f  transformers  in  AFC 
circuits.  The  CTR  condenser  has 
double  threaded  adju.stment  screws 
which  affords  adjustment  from 
either  end.  Long  leakage  paths  are 
provided  in  some  units  by  cut-outs. 

Ballnalft 

Several  set  manufacturers  are 
offering  receivers  w’hich  may  be 
operated  on  6  volts  d.c.  or  on  100 
volts  a.c.  There  are  also  a  few 
operating  either  from  2  volts  or 
from  6  volts  and  others  are  operable 
from  other  voltage  combinations. 

Amperite  has  made  available  a 
new  ballast  for  2-volt  sets.  This  has 
better  regulation  than  those  hereto¬ 
fore  available.  For  exan)ple,  a  bat¬ 
tery  variation  of  from  2.2  to  3.0 
volts  is  reduced  to  a  variation  of  1.9 
to  2.2  volts.  Another  new  ballast 
is  for  a.c. -d.c.  sets.  By  the  u.se  of 
a  starting  resistor,  overloading  of 
pilot  lamps  is  avoided.  Instead  of 
applying  110  volts  to  the  set  when 
it  is  first  turned  on,  only  70  volts 
is  applied.  After,  three  or  four  sec¬ 
onds  the  starting  resistor  is  cut 
out  by  a  thermostatic  strip  and  the 


full  line  voltage  is  applied  to  the 
receiver.  The  Amperite  regulator  in 
the  a.c. -d.c.  ballast  will  keep  the 
tube  voltages  within  plus  or  minus 
5  percent  with  a  line  voltage  varia¬ 
tion  of  from  95  to  135  volts.  The 
same  ballast  may  be  used  whether 
the  set  used  needs  45  or  65  volts  for 
the  filaments. 

Controls  for  Auto  Radio 

Flexible  shafting  has  been  one  of 
the  factors  that  has  made  automo¬ 
bile  radio  receiving  so  popular  (e.sti- 
mates  are  that  well  over  a  million 
new  sets  will  go  into  cars  this  year). 
When  it  comes  to  material  of  this 
nature,  S.  S.  White  Dental  Manu¬ 
facturing  Company  has  established 
itself  very  firmly.  This  company  pro¬ 
vides  set  manufacturers  with  com¬ 
plete  shaft  and  casing  combinations 
w’ith  shaft  end  fittings,  casing  fer¬ 
rules  and  threaded  nuts  attached — 
or  they  supply  only  shafting  and 
casing  in  mill  lengths  or  cut  to 
length  desired.  S.  S.  White  does 
not  make  remote  control  heads  or 
other  attachments  used  with  auto 
radios;  for  certain  manufacturers, 
however,  the  company  manufactures 
standard  end  fittings. 

Two  sizes  of  flexible  shaft  are 
available,  one  is  of  0.130  inch 
diameter  and  the  other  of  0.150  inch 
diameter.  They  have  somewhat  less 
torsion  deflection  than  shafts  pre¬ 
viously  made  in  these  sizes.  The 
smaller  diameter  shaft  seems  to  be 
the  more  popular,  partly  because  of 
the  fact  that  the  gear  ratio  in  the 


For  19.(8  sets,  an  Alliance  motor 
for  tuning 


average  remote  control  head  has  in¬ 
creased,  which  decreases  the  torque 
on  the  flexible  shaft. 

Both  sizes  of  shafting  are  supplied 
in  cut  lengths  with  either  square  or 
octagonal  sw’aged  ends  and  also  with 
accurately  formed  square  ends  so 
that  separate  end  fittings  are  un¬ 
necessary.  Casings  for  these  shaft¬ 
ings  are  metal  and  so  constructed 
that  they  act  as  a  proper  guide  for 
the  flexible  shafting.  If  too  flexible 
and  unable  to  support  its  own 
w’eight,  the  casing  will  impair  the 
efficiency  of  the  shafting — so  that 
the  design  of  the  casing  is  an  im¬ 
portant  part  of  the  flexible  shafting 
business. 

Tuning  Connectors 

For  want  of  a  better  name,  two 
products  of  Alden  have  been 
described  below  as  “tuning  connec¬ 
tors.”  One  is  for  use  with  the 
“magic  eye”  type  of  tuning  indica¬ 
tor;  the  other  is  to  connect  remote 
control  equipment  to  the  radio  sets 
controlled.  One  of  the  tuning  indi¬ 
cator  tube  connectors  has  an  in¬ 
genious  construction  of  sunken  con¬ 
tacts  and  a  protecting  molded  shield 
so  that  it  is  impossible  to  come 
into  contact  with  the  tube  prongs 
when  they  are  inserted  into  the  con- 
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Small  in  size,  as  is  the  mode,  are 
these  controls  of  Centralab. 


are  either  described  or  illustrated 
here,  but  of  others  whose  new  com¬ 
ponents  may  not  be  ready  for  the 
market  at  the  present  time,  or  who 
had  merely  background  data  to  pro¬ 
vide.  Among  these  manufacturers 
are  Ohmite  Manufacturing  Com¬ 
pany,  Continental  Carbon  Company, 
Sprague  Specialties  Company,  Cor- 
nell-Dublier  Corporation,  Electronic 
Laboratories,  The  Muter  Company, 
Globar,  Condenser  Corporation  of 
America,  Hugh  H.  Eby,  General 
Transformer  Corporation,  Speer 
Carbon  Company,  William  Brand  & 
Company,  Micamold  Radio  Corpora¬ 
tion. 

The  cooperation  of  the.se  manufac¬ 
turers  is  hereby  acknowledged.  There 
is  probably  no  other  industry  than 
radio  in  which  the  personnel  which 
supplies  the  parts  and  the  personnel 
that  uses  these  parts  are  so  well 
known  to  each  other.  Nor  is  there 
any  other  industry  in  which  changes 
can  come  so  fast  or  so  completely. 


Other  Alden  cables  are  for  auto¬ 
motive  use  where  trouble  in  the 
past  has  been  had  with  imperfect 
grounding  of  shields. 

In  preparing  this  early  season 
survey  of  the  new  components,  the 
Editors  have  had  the  aid  of  not  only 
those  manufacturers  whose  products 


nector.  This  unit  was  devised  to 
satisfy  the  Underwriters. 

Another  unit  does  not  have  this 
protective  feature.  Both  are  pro¬ 
vided  with  a  one  megohm  resistor 
in  the  connector.  It  is  connected 
across  the  contacts  or  across  tube 
terminals  2  and  4.  An  integral 
molding  makes  the  completely  in¬ 
sulated  pocket  for  the  resistor  as 
well  as  for  each  individual  contact. 

An  insulated  phenolic  disc  guides 
the  tube  prongs  into  the  connector 
and  snaps  into  place.  The  disc  can 
be  removed  for  making  instantly 
available,  at  one  glance,  all  of  the 
soldering  of  each  contact  and  the 
resistor.  With  the  assembly  methods 
used  in  attaching  leads  to  the  con¬ 
tacts  used  in  this  connector,  and 
also  in  the  connector  for  connecting 
speakers,  any  inspection  of  solder¬ 
ing  is  superfluous. 

From  the  speaker  angle,  the  Alden 
converter  is  made  in  three,  four, 
five,  six  and  seven  terminals,  held 
firmly  .in  place  by  one  sheet-metal 
screw  and  a  lock  washer;  the  leads 
go  directly  to  the  prongs  so  that 
they  are  soldered  all  in  a  single 
operation  and  the  lead  wires  are 
completely  insulated. 

There  are  no  speaker  cords 
dangling  from  speakers  which  can 
in  shipment,  ruin  the  diaphragm. 

The  cables  for  use  with  remote 
control  radio  receivers  are  made  up 
in  4-  and  5-wire  types.  These  con¬ 
nectors  act  for  arm-chair  models 
as  an  a.c.  power  supply,  a  ground 
connection,  spaced  apart  from  either 
of  which  is  a  single  antenna  lead  or 
two  leads  for  use  with  a  doublet. 


Double  tuned  air  dielectric  capacitor.  Note  the 
heavy  ceramic  insulation.  A  Sickles  coil 
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Even  before  the  Western  Electric  1  lOA  Program 
Amplifier  was  officially  announced,  orders 
began  pouring  in  from  broadcasters.  They’d 
heard  what  we  said  it  would  do — and  they 
bought  on  faith.  Now  they’ve  been  using  it  for 
some  months — and  some  of  them  have  written 
us  what  it  has  done  for  them.  Today  you  need 
not  take  our  word  .  .  . 


.  .  you  can  take  THEIRS! 


WINS:'  'marked  improvement  in  signal 
...certain  dead-spots  eliminated ...  both 
quality  and  volume  improved." 

WKBH:  "signal  at  outer  edge  of  ser¬ 
vice  area  noticeably  improved ...  a  great 
help  in  maintaining  high  program  level 
without  over  modulation." 

WOR:  "areas  where  signal  was  hashed 
with  monkey  chatter  now  cleared  con¬ 
siderably...  3  db  audio  increase  has  defi¬ 
nitely  aided  In  clearing  this  condition." 

WTAG:  "no  difficulty  in  normal  op¬ 
eration  at  level  3  to  4  db  higher  than 
previously  used." 

WAIM:  "a  very  good  investment  .  .  . 
has  increased  fidelity  of  signal." 

WDAE:  "normal  coverage  increased 
25%  .  .  .  quite  possible  to  use  5  db  of 
compression  without  any  particular 
change  in  quality  of  transmission  .  .  . 
never  worry  any  more  about  any  con¬ 
ceivable  sort  of  line  surge." 

WISN:  "Materially  aids  in  maintaining 
higher  average  percentage  of  modulation 
. . .  signal  boosted  between  3  and  4  db." 

WMBD:  "better  signal  to  noise  ratio." 


KFYR:  "average  modulation  percent¬ 
age  very  much  higher  .  .  .  interruptions 
due  to  high  audic  surges  have  ceased  to 
exist  .  .  .  stations  separated  10  KC  can 
be  tuned  in  without  monkey  chatter." 

KXRO:  "any  station  without  it  can 
hardly  be  called  modern . . .  makes  it  pos¬ 
sible  to  broadcast  most  any  voice,  bally¬ 
hoo  or  shouting  without  spoiling  effect." 

WMBH:  "unsolicited  reports  from  lo¬ 
calities  and  distances  never  or  rarely 
heard  from  before,  best  prove  the  IlOA 
is  really  doing  its  stuff." 

WDAY:  "unsolicited  reports  that  we 
come-in  much  better  . . .  average  modu¬ 
lation  level  about  3.5  db  higher." 

WJBO:  "consider  the  IlOA  the  out¬ 
standing  development  during  the  past  5 
years  . . .  decided  increase  m  signal . . . 
practical  abolition  of  monkey  chatter." 

WHAM;  "no  fear  of  distortion  from 
over  modulation  . . .  will  raise  standards 
of  any  station  which  has  one." 

KQW:  "has  improved  signal  about 
100% . . .  much  favorable  comment  from 
listeners  and  sponsors." 


GraybaJ^ 


Western  Electric 

Distributed  by  GRAYBAR  Electric  Co.  In  Canada:  Northern  Electric  Cp.,  ltd.  j 

RADIO  TELEPHONE  BROADCASTING  EQUIPMENT 


ELECTRONICS  —  December  1937 


*  j 


News  Across  The  Seven  Seas 


r  I'lO  AND  FROM  every  continent  in  the  world  mes- 
sages  are  constantly  being  flashed  across  the 
seas  via  radio  telegraph.  News  . . .  business  corre¬ 
spondence  . . .  private  messages — all  must  reach 
their  destination  with  minimum  delay,  maximum 
economy,  and  accurate  transcription. 

In  commercial  radio  communication  equipment 
Isolantite*  ceramic  insulators  function  with  complete 
reliability... reducing  dielectric  losses... providing 
efficient  insulation  of  transmission  lines  and 
antennae. 

Again,  at  the  receiving  end  Isolantite*s  depend* 
able  insulating  properties  provide  the  highest 


operating  efficiency  throughout  the  entire  circuit. 

To  all  branches  of  the  radio  communications 
field  Isolantite  engineers  offer  the  benefits  of  their 
long  experience  in  the  manufacture  and  application 
of  ceramic  insulators.  If  you  are  planning  new 
installations  of  radio  equipment  you. will  find  this 
experience  of  great  practical  value. 

*  Regitterrd  Trade-name  for  the  productt  of  Itotantite  Ine. 


ISOLANTITE 


CERAMIC  INSULATORS 

Factory!  Ballevillo.  N.  J.  *  Sales  Office:  233  Broadway,  New  York,  N.  Y. 


Brush  Crystal  Products 
That  Help  Solve  Your 


Problems 


•  The  most  recent  contributions  by  Brush  are 


High  Fidelity  Phono-Pickup  with  features  such  as 

Two  models,  veriical  and  lateral. 

Sapphire  point  easily  replaced. 

Low  stifFness  and  low  moment  of  inertia,  consequently 
very  light. 

Pressure  required  is  under  one  ounce. 

Response  —  without  further  compensation  —  flat  from 
30  to  1 0,000  cycles. 


High  Fidelity  Crystal  Headphone,  Type  A-l. 

This  new  Brush  headphone  is  similar  in  appearance  to  the  standard 
Type  "A,"  but  with  high  fidelity  response. 

Other  than  these  two  instruments.  Brush  also  announces  a  general 
purpose,  ultra  light  weight,  metal  headphone  (Type  "B")  and  at  the 
same  price  as  the  present  Type  "A." 

The  engineer  in  search  of  an  accessory  for  the  new  personal  radio 
set,  will  find  the  Brush  "Hushatone"  (pillow  speaker)  an  attractive  sales 
feature. 

Your  microphone  problem  can  be  solved  by  one  of  Brush's  many 
models,  ranging  in  purpose  from  public  address  to  laboratory  standards. 
Types  B-l  and  BR2S,  two  most  popular  Brush  P.A.  microphones,  recently 
reduced  from  $32.50  to  $26.50  and  $37.50  to  $29.50  respectively. 


Write  today  for  complete  details. 


Development  Company 

3316  PERKINS  AVENUE 
CLEVELAND  OHIO 
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'UNIQUENESS 

Put  a  ring  around 
that  word 

It  is  something  this  organization 
acquired  which  represents  its  position 
in  industry.  .  .  We  are  on  orphan  and 
we  are  our  own  ancestor.  There  is  no 
parent  to  guide  us.  no  paternal  obliga¬ 
tions  to  influence  our  plans  and  poli¬ 
cies. 

At  birth  we  mapped  our  own  destiny — 

(1)  To  make  a  name  for  ourselves  os 
'  specialists  in  fine  small  tubing  (2)  To 
grow  in  one  direction  rather  than 
branch  out  in  many. 

Our  uniqueness  lies  in  the  fact  that  we 
have  never  deviated  from  these  orig¬ 
inal  plans!  They  are  responsible  for 
our  gaining  many  friendly  customers 
who  look  upon  “Superior"  os  a  unique 
source  of  supply. . .  Supesrior  Tube  Com¬ 
pany.  Norristown.  Pennsylvania. 


MANUFACTUBERS  OF  SEAMLESS 
AND  LOCI  SEAM  CATHODE  SLEEVES 
AND  SMAU  SEAMLESS  TUBING  IN 
VARIOUS  METALS  AND  ALLOYS. 


Superior  tubing 
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New  Modulated  Oscillator 

This  new  G-R  general-purpose  modulated  r-i  oscillator  fills  a  long  standing 
need  for  a  source  of  r-f  power  covering  the  entire  useful  spectrum,  with 
good  output  and  stable  frequency.  Its  advanced  electrical  and  mechanical 
design  includes  a  number  of  features  which  combine  to  make  it  an  extremely 
useful  laboratory  driver  with  many  operating  conveniences. 

CHECK  THESE  FEATURES 

1.  WIDE  FREQUENCY  RANGE  —  9.S  kc  to  SO  Me.  Direct  reading  to  30  Me  — 
ealibrotion  ehart  30  to  50  Me. 

2.  OPEN  TUNING  SCALE  —  eiieetive  seole-Iength  oi  38  feet  between  9.5  ke  and  30  Me! 

3.  IMPROVED  TUNING  CONDENSER  —  east  aluminum  one-pieee  frame  —  ball 
bearings  —  /our  spring  eontracts  to  rotor. 

4.  VERY  STABLE  OSCILLATOR  —  irequeney  ealibrotion  good  to  l^o — exeellent  for 
approximate  frequeney  measurements. 

5.  HIGH  OUTPUT  VOLTAGE  —  25  volts  at  100  ke;  30  volts  at  1  Me;  5  volts  at  IS  Me; 

1.5  volts  at  30  Me. 

6.  BUILT-IN  VOLTAGE  REGULATOR  —  regulated  power  supply  insures  eonstant  output 
voltage  over  normal  fluetuations  in  line  voltage. 

7.  OUTPUT  AMPLIFIER  —  isolates  oseillator  frr  utput  eireuit  —  effeets  oi  modulation 
and  load  variations  on  irequeney  are  neglt 

8.  1000-CYCLE  INTERNAL  MODULATION  —  pplied  by  modulating  oseUlator  — 

1000-eyele  terminals  on  panel  for  a-f  testing. 

9.  BUILT-IN  DETECTOR  —  for  obtaining  heterodyne  beats  when  oseillator  is  not 
modulated. 

10.  A-C  OR  D-C  POWER  SUPPLY  —  models  available  for  a-c  or  battery  power  supplies. 

A-C  irodel  has  built-in  voltage  regulated  power  supply. 

TYPE  684- A  MODULATED  OSCILLATOR  —  A-C  Power  Supply . S340.00 

Battery  Power  Supply . S320.00 

•  WRITE  FOR  BULLETIN  209  FOR  COMPLETE  DATA 


GENERAL  RA 
New  York 


lO  COMP  AN  Y-C  AMRRIDGE,  MASS. 
Los  Angeles  Son  Francisco 


RCA  Manufacturing  Company,  Inc.,  Camden,  New  Jersey 


■  •r; 


OTHER  RCA 

RCA  868..A  gas-type  phototube,  especially  designed 
for  sound-on-film  equipment. 

RCA  917  .  A  vacuum-type  phototube,  provides  high 
resistance  to  leakage  currents  between  electrodes. 
Excellent  for  use  where  high  resistance  load  is  de- 

‘  sirable  to  give  maximum  circuit  sensitivity.. Offers 
stable  operation,  permanent  calibration  in  light-mea¬ 
suring  and  light-relay  devices. 

RCA  918.  .A  gas-type  phototube,  especially  designed 
for  use  in  sound-on-hlm  equipment.  The  tube  has  a 
high -emission  cathode  which  makes  it  extremely 
useful  at  low  illumination  levels. 


PHOTOTUBES  | 

RCA  919..  A  vacuum-type  phototube  similar  to  917,  | 
chief  difference  being  terminal  arrangement  which  is 
reverse  of  that  in  917.  919  can  be  used  in  series  with 
917  to  give  small  leakage  current  and  high  over- ail 
sensitivity. 

RCA  920 .  .  A  twin  phototube,  gas  type.  Has  two! 
separate  phototube  units  in  one  bulb.  Designed  pri- 1 
marily  for  use  with  double-sound-track  film  in  sound  j 
reproduction  system  having  high  signal-to-noise  ratio.  | 

RCA  923 .  .  A  gas- type  phototube  for  use  in  sound- 1 
on-film  equipment.  Except  for  shorter  over-all  length,  | 
923  has  characteristics  similar  to  those  of  918.  i 


Listen  to  the  "Magic  Key  of  RCA"  every  Sunday,  2  to  )  p.  m.,  E.  S.  T.,  on  NBC  Blue  Networ,h. 


FIRST  IN  METAL 
FOREMOST  IN  GLASS 
FINEST  IN  TONE 


HIGH  SENSITIVITY 


LOW  INTERELECTRODE 
CAPACITANCE 


LOW  LEAKAGE 


RCA'snewt  i  tridge-type  photo¬ 
tubes  are  the  92 1  and  922.  Shown 
here  in  actual  size  is  RCA  922. 
A  vacuum--)- 'e  tube,  its  sensi¬ 
tivity  is  20  mi«.roamperes  per  lu¬ 
men.  Interelectrode  capacitance 
—0.6  uuf.  The  RCA  921  looks 
the  same  as  the  tube  shown,  is 
the  same  size,  but  is  a  gas-type 
tube, with  sensitivity  of  1 00  micro¬ 
amperes  per  lumen— Interelec¬ 
trode  capacitance  1.1  uuf. 


FOR  FULL  TECHNICAL  DETAILS  ABOUT  ANY  OR  ALL  OF  THESE  TUBES,  WRITE  TO 


EASY  MOUNTING  .  .  .  with  cither 
end  up  so  that  tube’s  glass  envelope 
insulates  upper  terminal 


RCA  CARTRIDGS  TYPE 


miljk* 


TUBEsXSivairXtf 


OM  EVERY  COUNT! 


SMALLER  IN  SIZE... only  long 

LOWER  IN  PRICE  .  .  .  only  $2  list 

SIMPLIFIED  CONSTRUCTION 

NO  SACRIFICE  OF  ELECTRICAL 
PERFORMANCE 


ACTUAL 

SIZE 


